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ABSTRACT 

The present work was carried out to investigate the efficiency of glutathione to overcome the 
harmful effect of water deficit on growth parameters and reproductive characters as well as some 
physiological and chemical aspects of gladiolus plants grown under surface and subsurface drip 
irrigation. Results showed that decreasing the amount of irrigation water from 1882 to 1129 m3 / fad., 
reduced significantly plant height, total leaf area and number of leaves per plant as well as water 
content of plant. The same trend could be noticed regarding to flowering and corms production except 
vase life. Also, the photosynthetic pigments content, total carbohydrates, nitrogen, phosphorus and 
potassium contents in the leaf tissues were significantly reduced with decreasing the amount of 
irrigation water. On the contrary, proline content exhibited a remarkable increase with increasing 
drought stress. Foliar application of glutathione promoted all the aforementioned growth parameters 
and reproductive characters as well as chemical constituents compared with untreated plants. Also, 
foliar application of glutathione (400 ppm) at 30 and 60 days after planting could be used to improve 
drought tolerance and economic yield of gladiolus plants. Furthermore, there was little difference 
between the values of the above mentioned characters studied in gladiolus plants irrigated by surface 
and subsurface drip irrigation. 
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INTRODUCTION 

Gladiolus is an important commercial flower 
bulbs crop, which is extensively cultivated in 
many countries of the world. It has decorative 
spike which carries florets with many colors. 
The flowers can be available around the year. 
Irrigation under arid and semi arid regions is 
essential to obtain a good quality crop. 
Decreasing water supply either temporarily or 
permanently affects morphological and 
physiological processes in plants adversely. The 
reactions of plants to water stress differ 
significantly at various organization levels 
depending upon intensity and duration of stress 
as well as plant species and its stage of growth. 
Optimizing irrigation management due to water 
scarcity together with appropriate crops for 

cultivation is highly in demand; the cost of 
irrigation pumping and inadequate irrigation 
scheme capacity as well as limited water sources 
is among the reasons that force many countries 
to reduce irrigation applications.  

The exposure of plants to environmental 
stresses as water deficits, high and low air 
temperatures and pollutants can result in the 
production of reactive oxygen species (ROS) 
that are thought to diminish plant performance. 
The term antioxidant metabolism describes the 
detoxification of ROS, and the chemicals 
involved are generally referred as antioxidants. 
Recent review by Blokhina et al. (2003) 
summarized a great deal of the current 
knowledge of antioxidants metabolism in plants. 
Antioxidants and their role in the plant defence 
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system had received increasing attention within 
the last decade (Smirnoff, 1995). Glutathione is 
a thiol- containing tripeptide, which appears to 
be present in nearly all living organisms and 
which is involved in many important metabolic 
and physiological processes. This work was 
performed to investigate the efficiency of 
improving quality agent (glutathione) to 
overcome the harmful effect of water deficit on 
growth parameters and reproductive characters 
as well as some physiological and chemical 
aspects of gladiolus plants grown under surface 
and subsurface drip irrigation.   

MATERIALS AND METHODS 

This study was carried out in a newly reclaimed 
area in Belbeis, Sharkia Governorate, Egypt 
during 2008/2009 and 2009/2010 seasons to 
investigate the efficiency of glutathione to 
overcome the harmful effect of water deficit on 
growth parameters and reproductive characters 
(flowering and corm production) as well as 
some physiological and chemical aspects of 
Gladiolus gandavensis plants cv. Roses supreme 
using two irrigation systems. The first system 
was surface built in drip lines system (GR) with 
25cm emitters spacing (SDI). 16mm diameter 
laterals were used at 50cm spacing. The second 
system was subsurface drip irrigation (SSDI), 
the same practices were used for laterals but 
they were buried at 15cm depth from soil surface.  

The experiment included 24 treatments 
which were the combinations of three levels of 
water supply [60, 80 and 100% of 
evapotranspiration (ETc)], four concentrations 
of glutathione (control, 200, 300 and 400 ppm) 
and two irrigation systems (surface and 
subsurface drip irrigation). The experimental 
design used was split-split plot with three 
replicates. The irrigation systems were arranged 
in the main plots, while the water treatments and 
glutathione concentrations were randomly 
distributed in the sub and sub-sub plots, 
respectively. After twenty days from planting, 
gladiolus plants were subjected to three levels of 
water supply [60, 80 and 100% of 
evapotranspiration (ETc)]. The plants in every 
treatment were irrigated every three days.  

In the two growing seasons, the amount of 
water needed for each treatment was calculated 

according to the crop coeffeicienal (Kc) and the 
daily reference potential evapotranspiration 
(ETo). The latter was determined according to 
the Penman-Monteith equation depending on the 
predicted climatic factors at each irrigation time 
and the growth stage, (FAO, 1991). At the end 
of the last irrigation, the quantity of water 
applied for each of the three water treatments 
was calculated according to the total amount of 
water added from planting until harvesting for 
the two seasons. The average amounts of water 
during the two growing seasons were 1129, 
1506 and 1882 m3/ fad., for the water 
treatments, respectively. Fresh solution of 
glutathione was sprayed twice on plants at 30 
and 60 days after planting.  

Some physical properties of the soil and 
chemical constituents of the used irrigation 
water are shown in Tables i and ii, respectively. 
Particle size distribution and moisture of the soil 
sample were determined as described by Black 
et al. (1982), while chemical properties of the 
used irrigation water were performed according 
to Jackson (1967). 

Uniform corms (20g in weight and 3cm in 
diameter) were planted on October 7th in both 
seasons and all agricultural practices were 
followed in this experiment as usual. The plants 
received the normal fertilization of this plant. 
Representative plant samples were collected 
from three replicates for each treatment after 90 
days from planting in both seasons for 
determining growth criteria and some 
physiological and chemical aspects. The spikes 
were cut when the basal floret became colored 
leaving three leaves on each plant. The new 
corms and cormels were collected five weeks 
after the end of flowering. 

Recorded Data 
Vegetative growth parameters 

1. Plant height (cm),  

2. Total leaf area per plant (cm2), (Bremner and 
Taha, 1966), 

3. Number of leaves per plant,  

4. Water content (%) was calculated according to 
the following equation: 

Water content (%)= 100
ht Fresh weig

 dry weightOven   -htFresh weig
Χ
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Table i. Main physical properties of the soil under experimental plants 

Particle size distribution  

(%) 

Moisture content  

(%) 

Depth 

(cm) 

Coarse 
sand 

Fine 
sand 

Silt Clay Soil 

texture 

Saturation 
point  
(S.P.) 

Field 
capacity 
(F. C.) 

Available 
water  

(Av. W.) 

Wilting 
point 

(W.P.) 

0 - 30 43.20 19.50 24.00 13.30 Silt loam 28.60 14.30 7.15 7.15 

 

Table ii. Main chemical constituents of the used irrigation water (meq. /l.) 

pH 
TDS 

(ppm) 
K Mg Ca Na Cl CO3 HCO3 SO4 

7.80 263 0.20 1.00 1.40 1.50 0.90 0.01 2.55 1.34 

 
Reproductive characters 

1. Spike length (cm), 

2. Number of florets per spike,  

3. Vase life (day), 

4. Number of fresh cormels per plant (after 5 
weeks of the end of flowering), 

5. Diameter of fresh corm (cm) (after 5 weeks of 
the end of flowering), 

6. Weight of fresh corm (g) (after 5 weeks of the 
end of flowering). 

Chemical constituents 

1. Proline content (µ moles/g fresh weight) in 
samples of leaf was determined according to 
the method adopted by Bates et al. (1973). 

2. Photosynthetic pigments content (mg/g fresh 
weight) was determined according to Von 
Wettestein (1957).  

3. Total carbohydrate content (mg/g dry weight) 
were determined in dry leaves after 90 days 
from planting according to Dubois et al. 
(1956).   

4. Total nitrogen percentage was determined in 
dry leaves after 90 days from planting 
according to Naguib (1969).  

5. Total phosphorus percentage was determined 
in dry leaves after 90 days from planting 
according to AOAC (1975).  

6. Potassium percentage was determined in dry 
leaves after 90 days from planting according 
to Jackson (1967). 

Statistical Analysis 
The obtained data were subjected to the 

statistical analysis of variance described by 
Snedecor and Cochran (1980) using the multiple 
range test (Duncan, 1955) at 5% to compare 
means. 

RESULTS AND DISCUSSION 

Effect of Irrigation Systems, Water 
Regimes, Glutathione and the Interaction 
between Irrigation Systems and Water 
Regime Treatments on Vegetative Growth 
Parameters 

Plant height (cm) 

The collected data in Table 1 reveal that the 
plant height was significantly decreased with 
decreasing the amount of irrigation water from 
1882 to 1129m3/fad., under the irrespective of 
irrigation systems in both seasons. The data 
indicate further that spraying glutathione up to 
400 ppm increased significantly plant height in 
the two experimental seasons when compared 
with the untreated plants. As for the interaction 
between irrigation systems and water regime 
treatments, data illustrated in Table 1 indicate 
that the highest significant plant height was
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Table 1. Effect of irrigation systems, water regimes, glutathione and the interaction between 
irrigation systems and water regime treatments on growth parameters of gladiolus 
plants after 90 days from planting during 2008/2009 and 2009/2010 seasons 

Plant height 
(cm) 

Total leaf area 
(cm2/ plant) 

No. of leaves per plant          Characters 
 
Treatments 1st* 2nd** 1st* 2nd** 1st* 2nd** 
 Effect of irrigation systems 
SDI 54.25 A 56.02 A 610.60 A 625.69 A 10.69 A 10.97 A 
SSDI 54.42 A 56.25 A 609.98 A 624.62 A 10.64 A 10.94 A 
 Effect of water regimes 
100% ETc 57.38 A 59.87 A 637.33 A 657.97 A 11.25 A 11.75 A 
80%   ETc 54.79 B 56.41 B 617.04 B 631.64 B 10.71 B 11.04 B 
60%   ETc 50.83 C 52.12 C 576.51 C 585.85 C 10.04 C 10.08 C 
 Effect of glutathione concentrations 
Control 48.83D 49.16 D 558.01 D 557.37D 9.61 D 9.61 D 
200ppm 53.17 C 54.50 C 598.21 C 607.60C 10.39 C 10.38 C 
300ppm 55.83 B 58.22 B 624.81 B 646.52B 11.11 B 11.55 B 
400ppm 59.50A 62.66 A 660.14 A 689.12A 11.56 A 12.27 A 
 Interaction between irrigation systems and water regimes 
 100% ETc 58.08a 60.58 a 647.35a 668.11a 11.42 a 11.91 a 
SDI 80%   ETc 55.75b 57.41 b 625.94b 641.16b 11.00 b 11.33 ab 
 60%   ETc 48.92d 50.08 d 558.53e 567.80e 9.67 d 9.66 d 
 100% ETc 56.67ab 59.16 a 627.32b 647.83ab 11.08 b 11.58 a 
SSDI 80%   ETc 53.83c 55.41  c 608.14c 622.12c 10.42c 10.75bc 
 60%   ETc 52.75c 54.16  c 594.48d 603.90d 10.42c 10.50c 
*= first season, **= second season. 

Values having the same alphabetical litter (s) did not significantly different at 0.05 level of significance 
according to Duncan’s multiple range test. 

 

obtained in plants grown under 100 % ETc and 
irrigated with surface drip irrigation. 

The decrease in plant height as a result of 
water deficit may be attributed to loss of turgor 
which affects the rate of cell division and 
enlargement. In this connection, Kramer and 
Boyer (1995) reported that the growth of plants 
was controlled by rates of the cell division and 
enlargement and by the supply of organic and 
inorganic compounds required for the synthesis 
of new protoplasm and cell walls. Cell 
enlargement is particularly dependent on at least 
a minimum degree of cell turgor, and stem and 
leaf elongations are quickly checked or stopped 
by water deficits. The depression in plant height 
as affected by water deficit on plants were 
recorded by many investigators; Meawad et al. 
(2005) on roselle, Abo El-kheir and Mekki 

(2007) on maize and Pereira et al. (2010) on 
gladiolus.  

The enhancement effect of applied 
glutathione on plant height may be due to its 
role in activating the synthesis of amino acids, 
the key materials of tissue building in plants 
(Midan, 1986). 

Total leaf area/plant (cm2) 

Data presented in Table 1 clearly show that 
total leaf area was significantly decreased with 
decreasing the amount of irrigation water from 
1882 to 1129m3/fad., under the two studied 
irrigation systems in both seasons. The data 
indicated further that spraying glutathione up to 
400 ppm increased significantly total leaf area in 
the two experimental seasons when compared 
with the untreated plants. Concerning the 
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interaction effects between the irrigation 
systems and   water   regime   treatments   on 
total   leaf   area   per   plant,   data illustrated in 
Table 1 indicate that the highest significant plant 
height was obtained in plants grown under 100% 
ETc under surface drip irrigation. 

Such reduction in the mean area of leaves per 
plant due to water stress could be attributed to 
its effect on mineral nutrition (uptake and 
transport of nutrients) and metabolism. In this 
regard, Ali et al. (1999) indicated that soil 
drying decreased leaf growth thereby reducing 
leaf water status in addition to accumulation of 
organic solutes to osmotic adjustment which in 
turn inhibit the incorporation of small substrate 
molecules into the polymers needed to grow 
new cells.  

The resulting stimulation on leaf area may be 
explained as the antioxidants substances 
encourage nutrients absorption and stimulate 
some growth activators synthesis. Hell and 
Bergmann (1990) stated that glutathione 
functions as a storage pool for excess systeine 
and principal from in which organic sulfur is 
transport in many plants.  

Number of leaves per plant 

The results in Table 1 reveal that the number 
of leaves per plant was significantly decreased 
with decreasing the amount of irrigation water 
from 1882 to 1129m3/fad., under the two studied 
irrigation systems in both seasons. The data 
indicated further that foliar application with 
glutathione up to 400 ppm increased 
significantly the number of leaves per plant on 
the treated plants during the two seasons 
compared with the untreated plants. It could be 
noticed from Table 1 that there was positive 
significant interaction between the irrigation 
systems and water regime treatments with 
respect to the number of leaves per plant in both 
seasons. 

In this concern, Wu et al. (2005) attributed 
the effect of water stress on leaves number to 
enhancement of leaf abscission due to hormonal 
imbalance which arose from increased ABA and 
decreased IAA levels in treated plants. Similar 
results were obtained by El-Makawy (1999) on 
Piganum harmala and Calotropis procera, 
Youssef (2007) on gladiolus and Khalil et al. 
(2010) on basil. 

In addition, Blokhina et al. (2003) stated that 
the antioxidant is currently considered to be 
regulators on plant growth and development 
owing to their effects on cell division and 
differentiation. Further support came from the 
results of Khalil et al. (2012) who found that the 
application of glutathione as foliar spray on 
Capsicum annuum plants caused stimulatory 
effects on leaves numbers. The favorable effect 
of glutathione on vegetative growth was 
observed by Talaat and Aziz (2005) on 
Matricaria chamomilla, Mahgoub et al. (2006) 
on Calendula oficinalis and Khalil et al. (2012) 
on Capsicum annuum. 

Effect of Irrigation Systems, Water 
Regimes, Glutathione and the Interaction 
between Irrigation Systems and Water 
Regime Treatments on Some Water 
Relations in Both Seasons 

Water content (%) 

The present results in Table 2 reveal that 
water content was significantly decreased with 
decreasing the amount of irrigation water from 
1882 to 1129 m3/fad., under the two studied 
irrigation systems in both seasons. The data 
indicate further that foliar application with 
glutathione up to 400 ppm increased 
significantly the water content of the treated 
plants during the two seasons when compared 
with the untreated plants. With respect to the 
interaction effect, the data of combined effect 
among the two tested factors showed that the 
highest water content value was recorded in 
plants grown under surface drip irrigation with 
100 % ETc. 

Abdel-Mawgoud et al. (2005) reported that 
increasing irrigation rate may increase water 
availability in the root zone resulting in 
improving plant water status and better stomatal 
conductance which eventually reflects on photo 
assimilates production. Similar results were 
obtained by Kusaka et al. (2005) and Khalilvand 
and Yarnia (2007). 

The stimulatory effect of glutathione on the 
content of water in leaf tissues may be attributed 
to its effect on increasing physiological 
availability of water and nutrients (El-Bassiouny 
et al., 2008). 
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Table 2. Effect of irrigation systems, water regimes, glutathione and the interaction between 
irrigation systems and water regime treatments on water content, proline and 
chlorophyll (a+b) of gladiolus plants after 90 days from planting during 2008/2009 
and 2009/2010 seasons 

Water content 
(%) 

Proline content 
(µ moles/g fresh wt.) 

Chlorophyll a+b 
(mg/g fresh wt.) 

          Characters 
 
Treatments 1st* 2nd** 1st* 2nd** 1st* 2nd** 
 Effect of irrigation systems 
SDI 85.65 A 85.57 A 60.30 A 61.76 A 4.02 A 4.12 A 
SSDI 85.23 A 85.26 A 59.31 A 61.01 A 3.68 A 3.82 A 
 Effect of water regimes 
100% ETc 85.84 A 85.89 A 48.95 C 50.79 C 4.14 A 4.29 A 
80%   ETc 85.60 A 85.60 A 58.98 B 60.29 B 3.78 B 3.90 B 
60%   ETc 84.88 B 84.76 B 71.49 A 73.08 A 3.63 B 3.71 B 
 Effect of glutathione concentrations 
Control 84.46 C 84.31 C 64.77 A 67.40 A 3.51 C 3.53 C 
200ppm 85.09 B 85.03 B 62.08 B 62.44 B 3.80 B 3.89 B 
300ppm 85.64 B 85.64 B 57.90 C 59.11 C 3.90 B 4.06 B 
400ppm 86.56 A 86.63 A 54.47 D 56.59 D 4.20 A 4.39 A 

 Interaction between irrigation systems and water regimes 
 100% ETc 86.06a 86.06a 49.27a 51.11a 4.36 a 4.45 a 
SDI 80%   ETc 85.80a 85.79a 59.87a 60.82a 3.99 a 4.11 a 
 60%   ETc 85.10a 84.85a 71.76a 73.35a 3.70 a 3.79 a 
 100% ETc 85.62a 85.71a 48.63a 50.46a 3.92 a 4.13 a 
SSDI 80%   ETc 85.39a 85.39a 58.08a 59.76a 3.58 a 3.69 a 
 60%   ETc 84.67a 84.66a 71.22a 72.81a 3.55 a 3.63 a 
*= first season, **= second season. 

Values having the same alphabetical litter (s) did not significantly different at 0.05 level of significance 
according to Duncan’s multiple range test. 

 

Proline content (µ moles/g fresh wt.) 

Data in Table 2 show that decreasing the 
amount of irrigation water (irrigation with 80 or 
60% ETc) led to significant increase in proline 
content in the leaves of gladiolus plants in both 
seasons in comparison with the control 
(irrigation with 100 % ETc). On the contrary, 
the proline content showed a gradual decrease 
by increasing the concentration of glutathione 
up to 400 ppm in both seasons as compared with 
the untreated plants. Concerning the interaction, 
the data indicate that the highest accumulation 
of proline content was recorded in plants grown 
under severe water stress (irrigation with 60% 
ETc) using surface drip irrigation. 

Proline accumulation, increasing the osmotic 
pressure of the cell sap and decreasing the water 

content in the leaf tissues had been documented 
by many researches in numerous plants during 
drought stress and this is considered a general 
phenomenon in plants (Singh and Patel, 1996). 

The stimulatory effect of glutathione on the 
content of water and proline in leaf tissues may 
be attributed to its effect on increasing 
physiological availability of water and nutrient 
(El- Bassiouny et al., 2008). In this connection, 
Foyer and Noctor (2005) reported that 
glutathione is involved in both the direct and 
indirect control of ROS concentrations. 

Chlorophyll content (mg/g fresh wt.) 

Data presented in Table 2 indicate that 
decreasing the amount of irrigation water from 
1882 to 1129m3/fad., caused significant reduction 
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in chlorophyll (a+b) in leaf tissues in the two 
experimental seasons. The data reveal further 
that there was no significant difference between 
the quantity of irrigation water 1129 and 1506 
m3/fad., in comparison with the control (1882 
m3/fad.). As for the effect of glutathione, the 
results cleared that spraying gladiolus plants 
with glutathione at 400 ppm increased 
significantly chlorophyll (a+b) in both seasons 
without significant difference between 200 and 
300 ppm concentrations of glutathione in 
comparison with the untreated plants (control). 
With respect to the interaction effect, the data of 
combined effect among the two tested factors 
showed that the highest value for chlorophyll 
(a+b) was recorded in plants grown under 
irrigation with 100 % ETc using surface drip 
irrigation. 

In support of these results, Graca et al. 
(2010) observed that water stress reduced 
photosynthetic rate per unit leaf area. In 
addition, Abo El-Kheir (2000) indicated that 
decreasing the available soil moisture content 
led to a significant decline in the concentration 
of chl. a, chl. b and total chl (a+b) as well as 
carotenoids.  

The increases in photosynthetic pigments in 
response to foliar application of antioxidant may 
be due to its role in either enhancing the 
photosynthetic activity and chlorophyll 
biosynthesis or protecting chloroplast from 
oxidative damage resulted from the oxidative 
stress (Munne-Bosch et al., 2001). In addition, 
Foyer and Noctor (2009) reported that 
glutathione plays critical roles in the 
coordination of cellular processes with 
photosynthetic activity. 

Effect of Irrigation Systems, Water 
Regimes, Glutathione and the Interaction 
between Irrigation Systems and Water 
Regime Treatments on Flowering 
Characters in Both Seasons 

Spike length (cm) 

Data in Table 3 reveal that the spike length 
was significantly decreased with decreasing the 
amount of irrigation water from 1882 to 
1129m3/fad., under the two studied irrigation 
systems in both seasons. Also spraying 

glutathione at the rate of 400 ppm increased 
significantly the spike length in the two 
experimental seasons when compared with the 
untreated plants. The interaction effect of 
irrigation systems and water regime treatments 
showed that the highest value for spike length 
recorded by SDI and 100% ETc. 

The obtained data for flowering characters of 
gladiolus plants under water deficit showed that 
the various parameters were mostly significantly 
decreased. These results are in great accordance 
with those observed by D'Andria et al. (1996) 
and Bastug et al. (2006). 

The stimulatory effects of glutathione on 
flowering characters could be explained as 
antioxidants could enhance plant cell growth 
and development and stimulate cell 
vacuolization factors that could positively 
reflected on plant growth (Gabo et al., 1996).  

Number of florets per spike 

Data in Table 3 show that decreasing water 
supply; i.e., irrigation with 80 or 60% ETc led to 
a significant reduction in the number of florets 
per spike in the two experimental seasons under 
the irrespective of irrigation systems in 
comparison with the control (irrigation with 
100% ETc). On the contrary, the number of 
florets per spike produced by gladiolus plants 
was significantly increased due to the foliar 
application of glutathione at 400 ppm in the two 
experimental seasons when compared with the 
untreated plants. Concerning the interaction 
effects, the data showed that the highest mean 
values were observed in plants grown under 
irrigation with 100% ETc using surface drip 
irrigation. The decreasing in number of florets 
with decreasing water supply is in great 
accordance with Pereira et al. (2010).  

In this connection, Mahgoub et al. (2006) 
found that foliar application of glutathione gave 
the highest significant increase in number of 
flowers per plant. 

Vase life (days) 

It could be noticed from the recorded data in 
Table 3 that vase life was not affected by water 
regime treatments. The opposite trend can be 
observed in case of spraying with glutathione. 
The results indicate that the effect of glutathione  
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Table 3. Effect of irrigation systems, water regimes, glutathione and the interaction between 
irrigation systems and water regime treatments on flowering parameters of gladiolus 
plants during 2008/2009 and 2009/2010 seasons 

Spike length (cm) No. of florets/spike Vase life (days)             Characters 
Treatments 1st* 2nd** 1st* 2nd** 1st* 2nd** 
 Effect of irrigation systems 
SDI 99.00A 102.1A 15.72A 16.25 A 17.61 A 18.19 A 
SSDI 98.67A 101.6A 15.72A 16.30 A 17.08 A 17.63 A 
 Effect of water regimes 
100% ETc 102.10A 106.25 A 16.54 A 17.25A 16.96 A 17.66A 
80%   ETc 100.00 B 103.00B 15.88 B 16.37 B 18.04 A 18.58A 
60%   ETc 94.38 C 96.50C 14.75 C 15.20C 17.04 A 17.50A 
 Effect of glutathione concentrations 
Control 91.67 D 92.11D 14.11 D 14.11 D 15.44 B 15.44B 
200ppm 97.11 C 99.22C 15.44 C 15.72 C 15.78 B 15.94B 
300ppm 101.00 B 105.22B 16.22 B 17.16 B 18.11 A 19.05A 
400ppm 105.60A 111.11A 17.11 A 18.11 A 20.06 A 21.22A 

 Interaction between irrigation systems and water regimes 
 100% ETc 103.70a 107.83a 16.75a 17.41a 17.67a 18.41a 
SDI 80%   ETc 101.40b 104.58b 16.17a 16.66bc 19.00a 19.58a 
 60%   ETc 91.92 e 94.00e 14.25c 14.66e 16.17a 16.58a 
 100% ETc 100.60 b 104.66b 16.33a 17.08ab 16.25a 16.91a 
SSDI 80%   ETc 98.58 c 101.41c 15.58b 16.08cd 17.08a 17.58a 
 60%   ETc 96.83 d 99.00d 15.25b 15.75d 17.92a 18.41a 
*= first season, **= second season. 

Values having the same alphabetical litter (s) did not significantly different at 0.05 level of significance 
according to Duncan’s multiple range test. 
 

concentration was more pronounced especially 
with the high used concentration. Concerning 
the interaction effects, there was no significant 
difference among treatments regarding vase life 
in both seasons. 

According to Delperee et al. (2003), water 
deficit affected negatively the process of 
flowering inflorescence in many plant species 
by reducing the fertility of newly formed florets.  

Effect of Irrigation Systems, Water 
Regimes, Glutathione and the Interaction 
between Irrigation Systems and Water 
Regime Treatments on Corm and 
Cormels Production in Both Seasons 

Data in Table 4 indicated in general, that 
there were no significant differences between 
the values of corm diameter, corm weight and 

number of cormels per plant during the two 
experimental seasons. 

Corm diameter (cm) 

Data in Table 4 revealed that the diameter of 
corm in both seasons decreased as soil moisture 
stress increased by irrigation with 80 or 60%ETc 
under the two studied irrigation systems in 
comparison with the control (irrigation with 100 
% ETc). Regarding the effect of glutathione 
application, the data indicated that spraying 
gladiolus plants with glutathione up to 400ppm 
increased significantly the diameter of corm in 
both seasons in comparison with the untreated 
plants. Data of corm diameter as affected by 
interaction, indicated that the combined effect 
between irrigation systems and water regime 
treatments gave the highest diameter (5.08cm) in 
plants grown under 100% ETc and irrigated by 
using surface drip irrigation. 
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Table 4. Effect of irrigation systems, water regimes, glutathione and the interaction between 
irrigation systems and water regime treatments on corm and cormels parameters of 
gladiolus plants during 2008/2009 and 2009/2010 seasons 

Corm diameter (cm) Corm weight (g) No. of cormels           Characters
Treatments 1st* 2nd** 1st* 2nd** 1st* 2nd** 
 Effect of irrigation systems 
SDI 4.52 A 4.61 A 22.12 A 22.85 A 24.64 A 25.63 A
SSDI 4.51 A 4.72 A 22.09 A 22.80 A 24.61 A 25.33 A
 Effect of water regimes 
100% ETc 4.88 A 5.01 A 24.46 A 25.43 A 28.13 A 29.20 A
80%   ETc 4.60 B 4.77 B 22.71 B 23.45 B 25.58 B 26.37 B
60%   ETc 4.06 C 4.22 C 19.13 C 19.59 C 20.17 C 20.87 C
 Effect of glutathione concentrations 
Control 3.82 D 3.88D 17.50 D 17.61D 17.61 D 18.27D
200ppm 4.36 C 4.47C 21.05 C 21.57C 23.06 C 23.50C 
300ppm 4.71 B 4.95B 23.40 B 24.32B 26.67 B 27.44B 
400ppm 5.18 A 5.35A 26.46 A 27.80A 31.17 A 32.72A

 Interaction between irrigation systems and water regimes 
 100% ETc 5.01a 5.08a 25.31a 26.33a 29.42a 30.58a 
SDI 80%   ETc 4.73b 4.81b 23.49b 24.23b 26.75b 27.66b 
 60%   ETc 3.83e 3.93d 17.55e 17.98e 17.75e 18.66d 
 100% ETc 4.75b 4.94ab 23.62b 24.53b 26.83b 27.83b 
SSDI 80%   ETc 4.48c 4.72bc 21.92c 22.67c 24.42c 25.08c 
 60%   ETc 4.29d 4.50c 25.31a 26.33a 22.58d 23.08c 
*= first season, **= second season. 

Values having the same alphabetical litter (s) did not significantly different at 0.05 level of significance 
according to Duncan’s multiple range test. 

 
From the aforementioned results, it could be 

suggested that increasing water quantity applied 
to gladiolus plants led to keep higher moisture 
content in the soil, further support came from 
the results of Youssef (2007) who observed that 
increasing soil moisture stress decreased 
significantly the diameter of new corm. Such 
finding could be agreed with the observations of 
many authors (El-Noemani et al., 1990; Reddy 
et al., 2004; El-Saidi, 1994).  

The promotive effect of glutathione on 
cormels characters could be explained as 
antioxidants activate plant metabolism and 
consequently dry matter accumulation, which in 
turn reflected on bulbs yield (Midan and El-
Dinary, 2008). 

Corm weight (g) 

Data in Table 4 show that decreasing the 
amount of irrigation water through irrigation 
with 80 or 60% ETc led to significant decrease 
in weight of corm under the two studied 
irrigation systems in both seasons in comparison 
with the control (irrigation with 100 % ETc). 
This means that, higher water quantities attained 
heavier weight. The data revealed also that 
spraying with glutathione up to 400 ppm 
significantly increased the weight of corm as 
compared with the control. As for the effect of 
interaction, the combination between irrigation 
systems and water regime treatments showed 
that the highest corm weight was recorded in 
plants grown under 100% ETc and using surface 
drip irrigation. 
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Regarding the effect of water stress, the 
obtained data show that corm weight was 
significantly decreased. Such finding could be 
agreed with the observations of many authors 
(El-Saidi, 1994; Youssef, 2007).  

In this concern, Bielawski and Joy (1986) 
reported that glutathione contribute to maintain 
the integrity of cell structure and the proper 
functions of various metabolic pathways. 

Number of cormels per plant 

Data presented in Table 4 indicate that 
decreasing the amount of irrigation water; i.e. 
irrigation with 80 or 60% Etc, decreased 
significantly the number of cormels per plant 
under the two studied irrigation systems in both 
seasons in comparison with the control 
(irrigation with 100 % ETc). Whereas, the 
number of cormels were significantly increased 
with increasing the concentration of glutathione 
up to 400ppm in comparison with the untreated 
plants. Concerning the interaction effects, the 
highest significant of cormels number was 
recorded in plants grown under 100% ETc and 
using surface drip irrigation. The obtained data 
for cormels characters of gladiolus plants under 
water deficit showed that the various parameters 
were mostly significantly decreased. These 
results are in great accordance with those 
observed by El-Saidi (1994) and Youssef (2007). 

In addition, Apel and Hirt (2004) demonstrated 
that glutathione not only participates in the 
direct detoxification of ROS, it may also protect 
cells against unfavorable stress effects through 
the activation of various defense mechanisms 
due to its involvement in redox signaling.  

Effect of Irrigation Systems, Water 
Regimes, Glutathione and the Interaction 
between Irrigation Systems and Water 
Regime Treatments on Some Chemical 
Constituents in Both Seasons 

Total carbohydrates content (mg/g dry wt.) 

The collected data (Table 5) indicate that the 
total carbohydrate content was significantly 
decreased with decreasing the amount of 
irrigation water from 1882 to 1129 m3/fad., 
during the two seasons under the two tested 
irrigation systems. With regard to glutathione 
application, data showed that increasing 

glutathione up to 400 ppm increased 
significantly the total carbohydrates content in 
gladiolus shoots as compared with the untreated 
plants. Concerning the interaction, the data of 
the combined effect of irrigation systems and 
water regime treatments showed that the highest 
significant value for total carbohydrate content 
was recorded in plants grown under irrigation 
with 100 % ETc and using surface drip 
irrigation.  

Soil moisture stress tended to decrease the 
content of the total carbohydrates. Such finding 
agreed with the observations of many authors 
(Al-Moftah and Al-Humaid, 2005; Youssef, 
2007). The increment in total carbohydrates 
content due to glutathione treatment is in 
accordance with the findings of Fayed (2010). 
Abd El-Naem, (2005) who reported that citric 
acid was reported to stimulate nutrient 
absorption and growth activators synthesis. 

Total nitrogen percentage 
Illustrated data in Table 5 show that water 

stress (irrigation with 80 or 60% ETc) led to 
significant reduction in nitrogen percentage in 
both seasons in comparison with the control 
(irrigation with 100 % ETc). This was true under 
the two studied irrigation systems. It is obvious 
from the same data that spraying gladiolus 
plants with glutathione up to 400 ppm increased 
significantly the nitrogen percentage as 
compared to the untreated plants. As for the 
effect of interaction, the data showed that the 
combination between irrigation systems and 
water regime treatments indicated that the 
greatest significant value of nitrogen percentage 
was obtained in plants grown under irrigation 
with 100% ETc using surface drip irrigation. 

Total phosphorus percentage 

Data in Table 5 show that decreasing water 
supply, i.e., irrigation with 80 or 60% ETc 
significantly decreased phosphorus percentage 
in gladiolus plants in the two experimental 
seasons under the two studied irrigation systems 
in comparison with the control (irrigation with 
100% ETc). On the contrary, phosphorus 
percentage was significantly increased with 
increasing the concentration of glutathione up to 
400 ppm in both seasons when compared with 
the untreated plants and without significant 
difference between the 200 and 300 ppm 
concentrations. Concerning the interaction, the 
highest phosphorus value was obtained in plants 
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Table 5. Effect of irrigation systems, water regimes, glutathione and the interaction between 
irrigation systems and water regime treatments on chemicals parameters of gladiolus 
plants after 90 days from planting during 2008/2009 and 2009/2010 seasons 

Total carbohydrate contents
(mg/g dry wt.) 

N% P% K%       Characters 
 
Treatments 1st* 2nd** 1st* 2nd** 1st* 2nd** 1st* 2nd**
 Effect of irrigation systems 
SDI 14.422A 18.430A 4.383A 4.478A 0.399A 0.413A 1.036A 1.061A
SSDI 17.762A 18.755A 4.415A 4.508A 0.403A 0.418A 1.044A 1.097A
 Effect of water regimes 
100% ETc 18.899A 20.205A 4.522A 4.644A 0.420A 0.411A 1.073A 1.105A
80%   ETc 18.006B 18.988B 4.438B 4.530B 0.406B 0.422B 1.050B 1.075A
60%   ETc 15.871C 16.584C 4.238C 4.305C 0.376C 0.384C 0.977C 1.056A
 Effect of glutathione concentrations 
Control 14.481C 14.661D 4.107C 4.124D 0.351C 0.354C 0.962C 0.967B
200ppm 17.209B 17.912C 4.363B 4.429C 0.394B 0.405B 1.030B 1.103A
300ppm 17.824B 19.141B 4.421B 4.544B 0.404B 0.424B 1.046B 1.078A
400ppm 20.854A 22.656A 4.705A 4.874A 0.455A 0.479A 1.121A 1.166A

 Interaction between irrigation systems and water regimes 
 100% ETc 19.246a 20.582a 4.555a 4.680a 0.426a 0.477a 1.081a 1.155a
SDI 80%   ETc 17.884ab 18.870b 4.427b 4.519b 0.405a 0.420c 1.047b 1.072a
 60%   ETc 15.135b 15.837d 4.169d 4.235d 0.367a 0.372e 0.978d 0.996a
 100% ETc 18.522b 19.827ab 4.489ab 4.609ab 0.415a 0.435b 1.064ab 1.096a
SSDI 80%   ETc 18.128c 19.107b 4.449b 4.541b 0.408a 0.424c 1.053ab 1.078a
 60%   ETc 16.608d 17.330c 4.307c 4.375c 0.384a 0.396d 1.015c 1.117a
*= first season, **= second season. 
Values having the same alphabetical litter (s) did not significantly different at 0.05 level of significance 
according to Duncan’s multiple range test. 
 

grown under irrigation with 100% ETc using 
surface drip irrigation.  

Potassium percentage 

Data in Table 5 indicated that as soil 
moisture stress increased potassium percentage 
was significantly decreased in both seasons 
under the two studied irrigation systems in 
comparison with the control. While, spraying 
gladiolus plants with glutathione up to 400 ppm 
increased significantly potassium percentage in 
both seasons in comparison with the untreated 
ones. As for the effect of interaction, the highest 
potassium value was obtained in plants grown 
under irrigation with 100 % ETc using surface 
drip irrigation. 

The decreased levels of each of N, P, and K 
in response to water deficit were ascertained by 

the work of Al-Moftah and Al-Humaid (2005) 
and Youssef (2007). Such reduction in their 
contents were attributed primarily to soil water 
deficiency which markedly reduces the flow 
rates of elements in soil, their absorption by 
stressed root cells and also its ability to 
translocate through the different organs and 
tissues within the plants (Sawhney and Singh, 
2002). El-Ghamriny et al. (2005) mentioned that 
the highest level of water quantity, in general, 
showed enhancing effect on minerals 
concentrations, while they were minimum under 
water stress.  

The increment in N, P and K concentrations 
due to glutathione treatment are in accordance 
with the findings of Fayed (2010). Hanafy 
(1996) mentioned that foliar spray with ascorbic 
acid might be increased the organic acids 
exerted from the roots into the soil and 
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consequently increased the solubility of most 
nutrients which release slowly into the 
rhizosphere zone where it may be utilized by 
plants. 
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استجابة نباتات الجلاديولس للمقننات المائية والجلوتاثيون تحت نظم الري المختلفة في الأراضي 
 المستصلحة حديثا

 ١بو الخيرأ محمود سيد أحمد -٢ عبد العزيز آامل ضوه- ٢ عبدالرحمن العريان عوض-١ابتسام عبد المعز يوسف

  مصر- الجيزه- الدقى-لبحوث ومى ل المرآز الق- قسم العلاقات المائية والرى الحقلى -١

  مصر-  جامعة الزقازيق- آلية الزراعة - قسم البساتين -٢

للتَغَلُّب على التأثير الضار لنقص الماء ) الجلوتاثيون( هذا العمل للتحقق من آفاءة بعض معاملات تحسين الجودة ىأجر
لى بَعْض العمليات الفسيولوجيةِ والكيميائيةِ لنباتات  بالإضافة إالإنتاجية، والصفات ،و تأثيرها على قياسات النمو الخضري

 النتائج أن نقص آمية ماء الري أظهرت وقد ،الجلاديولس النامية تحت نظم الرَيِّ بالتنقيط السطحيِ والري تحت السطحي
 الأوراقمساحة و،  على النباتالأوراقعدد و، سم خفضت معنويا من ارتفاع النباتمو/فدان  / ٣ م١١٢٩ إلى ١٨٨٢من 

 وقد أظهرت أيضاًَ آل من صفات التزهير وإنتاج الكريمات نفس الأتجاه السابق ومحتوى النبات من الماءعلى النبات، 
حتوى أنسجة الأوراق من انخفاض معنوي في م باستثناء فترة بقاء الزهرة، آما أدى النقص فى آمية ماء الرى إلى

 المائى الإجهاد وعلى العكس فان زيادة ،البوتاسيومو، الفسفورو، النيتروجينومن الكربوهيدرات، ومحتواها  ،الصبغات
أدت المعاملة بالرش الورقي للجلوتاثيون .  إلى زيادة ملحوظة في محتوى السائل الخلوي من البرولينىعلى النبات أد

 السابقة سواء قياسات النمو لى زيادة معنوية في الصفاتإ يوم من الزراعة ٦٠ و ٣٠يون بعد  جزء في المل٤٠٠بترآيز 
الخضري أو الصفات الانتاجية في هذه الدراسة وآذلك الترآيب الكيماوي للنباتات المعاملة مقارنة مع النباتات غير 

آما توصى الدراسة بأن الرش بالجلوتاثيون أدى إلى زيادة القدرة على تحمل العطش والمحصول الأقتصادى . المعاملة
 درست فى نباتات  التي إلى ذلك فكان هناك أختلاف قليل بين نظامى الرى فيما يتعلق بقيم آل الصفاتللنباتات، وبالإضافة

  .الجلاديولس

 ــــــــــــــــــــــــــــــــــــــــــــــــ
 :المحكمـون

 .دقى الــــــ–أســتاذ متفــرغ بـالمرآـز القومى للبحـــوث  ةى أبـوليلــــــبــدور حلم. د.أ -١
 . جامعة الزقازيق– آلية الزراعة – قسم البساتين –أستاذ الزينة  وض ــعلى عبدالحميد مع .د.أ -٢


