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Abstract: Problem statement: The water deficiency is one of the serious problems, in the arid zones.
Cycocel by increasing the stomata resistance and decreasing transpiration can help to water use efficiency.
Approach: In this research the impacts of different doses of Cycocel (0, 500 and 1000 mg L ™) and
irrigation regimes (33, 66 and 100% of available water; referred to as I;, I, and I, respectively) on
some physiological parameters of three olive cultivars (Baghmalek, Fishami and Dezfuli) were
investigated. The experiment design was factorial split in completely randomize. Measured parameters
included fresh and dry weight of root and stem, root length, leaf area, Relative Water Content (RWC),
stomata resistance and ratio of total fresh and dry weight of shoot to root. Results: Results showed that
drought stress decreased stem fresh weight from 24 g for well Irrigated (I;) compared to 17.5 g for
drought stress treatment (I3). Fishami cultivar indicated highest fresh and dry of stem (28.15 and
16.52 g), leaf (12.97 and 9.44 g) and root (25.34 and 7.99 g respectively) compared to other two
cultivars. Olive plants in |5 treatments had higher stomata resistance (46.05 sec cm™) and lower RWC
(54.92%). C, treatment resulted in highest stomata resistance (28.18 and 42.81 sec cm™ measured in
the morning and at noon, respectively); the corresponding values for C; treatment were 22.26 and
28.93 sec cm™. Conclusion: Results suggested that I, and cv. Fishami were superior compared to
other irrigation treatments and cultivars. Cycocel adjusted drought neutralized negative effects of

drought stress.
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INTRODUCTION

Drought stress is an environmental stress-
making factor confronting agricultural production.
Drought stress reduces growth indexes of different
plants (Chartzoulakis et al., 1999). One method to
regulate and enhance water use efficiency is using
tolerant plants to arid and semiarid environment.
Olive (Olea europaea L.), an ever-green fruit tree, is a
native plant in the semi-arid Mediterranean climate. In
this type of climate the plants are subjecting to both
heat and drought stress during summer (Gimenez et al.,
1997; Saei et al., 2006). Native plants in this climate
have usually developed some physiological tolerance
mechanisms, resulting in better adaptation and
surviving.

The adaptation mechanisms of olive are similar to
other plants; include decreasing leaf water potential,
osmotic adjustment, stomata closure, reduction of leaf
size, leaf rolling, increasing mesophyll compactness

and accumulation of mucilage and other secondary
metabolites (Giorio et al., 1999; Bosabalidis and
Kofidis, 2002). The role of olive roots in adaptation to
dry conditions has been reported extensively
(Fernandez et al., 1994; Rieger, 1995). Some
researchers (Fernandez et al., 1994) noted that dense
packing of the mesophyll layer in olive leaves of the
commercial variety of Ascolana leads to a low cellular
wall conductance thus providing an efficient system to
limit cellular water loss under stress. Relative Water
Content (RWC) is an appropriate measure of plant
water status in regards to the physiological consequence
of cellular water deficit. While water potential is a
useful estimation of plant water status in dealing with
water transport in the soil-plant-atmosphere continuum,
it does not account for osmotic adjustment. The osmotic
adjustment is a mechanism of conserving cellular
hydration under drought stress and RWC expresses the
effect of OA in this respect. Hence RWC is an
appropriate estimate of plant water status in terms of
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cellular hydration under the effect of both leaf water
potential and osmotic adjustment (Gonzalez and
Gonzalez-Vila, 2001).

Chemical products such as 2-chloroethyltrimethyl
ammonium chloride (Cycocel; hereafter referred to as
CCCQC)-is a synthetic plant growth retardant (anti-
transpiration)-have been previously found to increase
the resistance of various plants to drought stress
(Malash and Flower, 1984; Jaana et al., 2002). Limited
available water resources in arid and semiarid zones,
lack of regular and suitable distribution of rain in the
growing season are justifying the research on the effects
of stress related to irrigation rate on olive plant.

The objective of this research was to assess the
effect off CCC on root system and aerial parts of olive
plant under different irrigation treatments.

MATERIALS AND METHODS

The trial was carried out in 2006 at the
experimental farm of Horticultural Department of
Chamran University in southwestern of Iran (31°20°N
and 48°40’N, 22 m above sea level). A mixture of a
sandy clay loam soil, sand and decomposed manure at a
2:2:1 ratio was used. Each pot (40 cm height and 30 cm
diameter) contained 8 kg of soil, 8 kg of sand and 4kg
of manure. The sandy clay loam soil had 0.82% N,
8 mg kg™ P, 194.84 mg kg K, 1.9 EC (dS m™), pH of
7.6 and the volumetric soil water content at field
capacity and permanent wilting point of 3land 15%,
respectively. The data for annual precipitation and
temperature were taken from the site nearby research
station has shown in Table 1.

One year-old trees (Olean europe L.) of three
cultivars of Baghmalek, Fishami and Dezfuli were
transplanted in plastic pots in January 2006. Each pot
was filled with 20 kg of soil mixture andl15 ¢
ammonium-phosphate was also added to each pots.

Three irrigation treatments including 33 (1), 66 (1)
and 100% (l3) of available water was used. The soil
available water was 16% (31-15). Therefore, the
irrigation of 1y, 1, and I3 was carried out when the
corresponding soil water contents were 25.7, 20.4 and
15%, respectively. During the study, the soil moisture
was determined by HH2 portable hygrometer at depth
of 15cm. Based on the measured soil moisture the
irrigation treatments were implemented. Plastic cover
was used to prevent the rainfall effect during the rainy
days. Three months after implementing irrigation
treatments plants were sprayed with 0, 500 and
1000 mg L™ CCC dissolved in water, hereafter referred
to as Cy, C, and Cg, respectively. This experiment was
included 27 treatments (3 olive cultivars, 3 doses of

cycocel and 3 irrigation regimes) and 4 replications.
The experiment design was factorial split in completely
randomize.

Measured parameters included: Fresh and dry weight
of root, stem and leaf, area of leaf and root, root length,
Relative Water Content (RWC) and stomata resistance.
The youngest leaves of each treatment were used to
measure RWC. Top-most fully expanded leaves are
sampled and leaf discs were cut from the leaves, In the
Lab vials were weighed to obtain leaf Weight (FW),
after which the sample was immediately hydrated in a
close Petri dish to full turgidity for 5 h. After 5 h the
samples were taken out of water and well dried of any
surface moisture with filter paper and immediately
weighed to obtain fully turgid Weight (SW). The Dry
Weight (DW) of samples was obtained after drying at
70°C for 48 h. The RWC is estimated as follow:

RWC (%) = [(FW-DW)/(SW-DW)]x100

Stomata resistance was measured by using
Porometer AP4 Delta-T Devices Cambridge-UK once a
week for 4 consecutive weeks after cycocel was
sprayed; the measurement in each day was carried out
at 5:00 am and 12:00 pm. In each stage, 3 leaves of
each plant were selected and the parameters were
measured at end of experiment.

Olive plants were removed from soil, washed off
any soil and removed surface moisture. The plants were
separated into leaves, stems and roots. And the fresh
weight of each was separately determined. Leaf area
was measured using the Area Meter MK2 device
(Delta-T Device). Root length and area were measured
after immersing in Methyl Blue solution for 10 min.
Root length and area were then determined using root
scanner. The root, stem and leaves were separately oven
dried at 70°C for 48 h and the dry weights were
measured. The root/shoot ratio was then calculated for
each treatment.

Data were statistically analyzed using analysis of
variance and mean comparisons using Duncan’s
Multiple Rang Test (DMRT) (Gomez and Gomez,
1984).

Table 1: Climatic condition during the experiment

Monthly temperature (°C)

Month Rainfall (mm) Min. Max.
Dec.-Jan. 48.2 7.00 17.4
Jan.-Feb. 27.0 8.50 20.2
Feb.-March 29.5 12.1 25.1
March-April 15.1 17.2 321
April-May 52 22.5 39.0
May-June - 255 44.4
June-July 27.7 46.2
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RESULTS

Irrigation treatments: The interactive effects of all
measured parameters were significant at 1% level
(Table 2). The dry weight of root, stem and leaf
reduced with increasing of drought stress.

In this research, we found that the fresh and dry
weight (stem, leaf and root) and leaf area reduced
significantly (p<0.01) by reduction of irrigation water
rate (Table 3). The differences between cultivars, in
respect of fresh and dry weights (stem, leaf, root) and
leaf area were significant (p<0.01).

Drought stress decreased stem fresh weight from
24 g for well irrigated treatment compared to 17.5 g for
severe drought stress treatment. The dry weights of
both stem and leaves were decreased substantially by
increasing drought stress. Leaf area decreased from
0.039-0.025 m? by decreasing the available water.
Drought stress also decreased the area and length of
roots. Root length decreased from 31.79 m for I, to
29.30m for |5 treatment.

Table 4 shows changes in olive characteristics for
different cultivars. Fishami cultivar indicated the
highest dry and fresh weight of stem, leaf and root
compared to other two cultivars. Stem fresh weight for
Fishami, Baghmalek and Dezfuli cultivars were 28.15,
18.96 and 16.03 g, respectively. Also, Fishami cultivar
indicated higher root area and length, stomata resistance
and relative water content compared to other two
cultivars (Table 4). The order of fresh and dry weights
(stem, leaf and root) and leaf area of different cultivars
are as follow:

Fishami > Dezfuli > Baghmalek

Root area was reduced by shortage of available
water. However, root length was initially increased by
reduction of available water, I, e., from |, and further
water shortage (from 1, to I5) resulted in lower root
length (I3). The ratio of both total fresh dry weight of
shoot to root reduced by increasing drought stress
(Table 3).

Table 2: Mean squire of measured parameters of stem, leaf, root, total weight and stomata resistance of interactive effects of irrigation treatments and

Cycocel application for different olive cultivars

Stem Leaf Root Total shoot root
Stomata resistance
Fresh Dry Fresh Dry Fresh Dry Dry Fresh = eeecccmeeeeeeecceeeeeee
Source of weight weight  weight weigh Area weigh  weigh Area  Length weight weight 5am 12 pm RWC
variation af  (9) () () ) (m?) ©) (9 (m)  (m) ) ) (secem™) (secem™) (%)
Cultivar (Cu) 2  1438.10%* 465.5** 35.60** 27.30** 53.7** 1630.1** 119.3** 410.3** 3472143.6**  4.1**  3.4** 3926.0**  857.0%* 114.7**
CCC (Cc) 2 52.50%* 13.4**  B50**  4.80**  89.3** 6.2%%  12.8%% 0.7 6450L.7**  10.1**  0.17** 1739.0%* 1012.0**  89.6**
CuxCc 4 102.30** 26.2%* 30.80** 260** 140.3**  552%* 20.6** 512%* 80638L6**  39.1**  0.11** 334.0%*  280.0** 109.0%*
Irri. (1) 2 432.70%%  T4.6** 47.70%% 9510%* 1768.9%*  435.6%* 12.0%*  23.8%* 160888.4**  9.7**  05%  3076.0%* 2796.0**  7.2%*
Cuxl 4 52.10%* 17.2%%  9.00%*  4.70** 10L.1**  59.4**  76**  6.9%*  53010.4**  36%*  0.1** 1006.0**  967.0**  97.6%*
Cexl 4 341.64*  33.9%* 2325%% 1580%* 189.7%*  38.6%*  7.2%%  B4** 220854.9%*  20.7%%  0.4%*  1364.0**  376.0%* 23.7**
CexCuxl 8 91.90%* 256.3*  29.70%* 12.45%* 104.6**  102.0%* 13.1%*  42.4%* 320042.7**  39.2**  0.6**  987.0%*  256.0%* 4254**
CV (%) 750 141 930 1240 222 13.1 1.7 18.9 21.4 62 212 14.9 17.4 17.2
*and **: Significant at p<0.05 and p<0.01 levels, respectively; CV: Coefficient of Variation
Table 3: Influence of irrigation treatments on some growth parameters olive plants
Stem Leaf Root Total shoot root
Stomata resistance
Fresh  Dry Fresh  Dry Fresh Dry Dry Fresh  ---memmemmmemo e
Irrigation weight weight weight weigh Area  weigh weigh Area Length weight weight 5am 12 pm RWC
treatment (g) (9 (9 © m @ @ M m @) () (secem™) (secem™) (%)
Iy 24.42% 1391° 15.07° 10.29° 0.039° 20.77° 6.60° 0.0134® 31.79" 2.04° 412%  15.34° 28.30° 55.81°
I 2122 1263 11.61° 8.83° 0032° 19.08" 6.06° 0.0131" 33.50*° 1.95°  3.86° 20.24° 3267 55.44"
I3 17.49° 11.04° 8.86° 7.04° 0.025° 14.08° 5.44° 0.0119° 29.30° 1.92° 3.39°  32.46° 46.05% 54.92°
* Significant at 1% level
Table 4: Influence of cultivar on some growth parameters olive plants
Stem weight  Leaf Root Total shoot root
Stomata resistance
Fresh Dry  Fresh Dry Fresh Dry Dry Fresh  --mecceememcecccmmceeces
Weight weight weight weigh Area weigh weigh Area  Length weight weight 5am 2pm RWC
Cutivar (9 (@ (@ (@ (M @ @ M m @ ©) (secem™) (secem™) (%)
Baghmalek 16.03° 9.55° 11.08° 7.75° 0.032°  12.15° 4.40° 0.019° 2356° 227° 405 17.7° 32.8° 53.54°
Fishami 28.15° 16.52° 12.97* 9.44* 0.033° 25.34* 7.99° 0.017* 4250 1.67° 3.58° 27.5% 47.2° 57.10°
Dezfuli 18.96" 11.51° 11.49° 8.97° 0.032°  16.44" 571° 0012° 2853° 1.84° 376" 228" 26.9° 55.53"
¢ Significant at 1% level
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Table 5: Effect of cycocel on some growth parameters olive plants

Stem Leaf Root Total shoot root
Stomata resistance
Cycocel Fresh  Dry Fresh  Dry Fresh  Dry Dry Fresh  —-cmmmmmmmmcmm e
doses Weight  weight  weight weigh Area  weigh weigh Area  Length weight weight 5am 12 pm RWC
(mgL™) (9) ) @ @ (m) (9 @ m) (m @ @ (secem™) (secem™) (%)
0 19.97° 13.20° 11.44° 8.97° 0.033° 17.58° 536° 0.0127° 33.05° 1.87° 423 2226° 2893 54.36°
500 2335° 12.35° 12.29* 8.89"° 0.032" 18.41° 6.47° 0.0128" 31.01° 2.00° 354"  2300° 35.29° 57.20°
1000 20.82° 12.36° 11.80° 8.30° 0.030° 17.95° 6.26° 0.0130° 30.53° 1.91° 3.16° 2818  4281° 54.60°
Different letters indicate significant differences at 1% level
Results indicated that the reduction of irrigation 0000 Y Baghmalek
level reduced the Relative Water Content (RWC) * " Fishami
(Table 3). Fishami cultivar showed the highest RWC _ 600001 B—p Deztitl
compared to other cultivars (Table 4). The RWC is £ 50000
influenced by plant genetic. It seems that Fishami £ 40000
cultivar endures drought more than the others by 5
keeping leaf water potential low in drought stress and & 30000
hence can absorb more water in drought stress 20000
compared to other cultivars 0000
Cycocel treatments: Application of Cycocel up to 0
500 mg L™ (C,) improved plant performance; further Imigationregimes 1 2 3 1 2 3 1 2 3
application (e.g., 1000 mg L™) reduced the plant CCCdoses 1 1 1 2 2 2 3 3 3
performance. Stem fresh weight was highest (22.35 g) A)
for 500mg L™ Cycocel compared to 20.82 and 19.97 g
for 1000 (Cs) and 0 (C;) mg L™ application of Cycocel.
Similarly, leaf and root fresh weights were highest for 25000 % Baghmalek
C, treatment. However, Cs treatment resulted in highest . " Fishami
stomata resistance (28.18 and 42.81 sec cm™* measured 20000 / g Deztuli
in the morning and at noon, respectively); the n \ -
15000 ¥

corresponding values for C; treatment were 22.26 and
28.93 sec cm .

The dry weights of shoot and leaf area reduced
while fresh weight organs increased significantly by
increasing Cycocel doses (Table 5). Dry weight of roots
increased significantly by using Cycocel (Table 5). The
ratio of total fresh weight of shoot to root increased
significantly by increasing Cycocel application.
However, application of Cycocel reduced the ratio of dry
weight of shoot to root (Table 5).

The interactive effects of all treatments on olive
root system revealed that the application of 0 and
500 mg L' doses of Cycocel and all irrigation
treatments of all cultivars resulted in an increase in
root area and the reduction of root length (Fig. 1).

Our results indicated that RWC increased
significantly by using Cycocel (Table 5). Stomata
resistance changed from 22.26 sec cm™ in the morning
to 28.93 sec cm™ at noon for control plant. Application
of 500 mg L™ Cycocel resulted in increasing stomata
resistance to 23 at 5 am and 35.29 sec cm™ at 12 pm.
Further increase in stomata resistance to 28.18
(measured at 5 am) and 43.81 sec cm ™ (measured at
12 pm) was recorded when olives treated with
1000 mg L™* of Cycocel (Table 5).
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Fig. 1: Interactive effects of cultivars, Cycocel doses
and irrigation regimes on root length (A) root
area and (B)

DISCUSSION

In this experiment we found that fresh and dry
weight (stem, leaf, and root) and leaf area reduced by
reduction of irrigation water rate. Reduction in dry
weight of root may be attributed to reducing the
accumulation of root carbohydrates (Jaana et al., 2002).
The water stress reduces translocation of organic
compounds and possibly changes the way of
transferring materials. The reduction of produced
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materials that transfer to leaves is one of the factors which
reduce the photosynthesis and hence declining the dry
weight organs and growth of plants. The first symptom of
water shortage is usually limitation of leaf growth. In
drought stress conditions, the leaf growth is less sensitive
than the creation of new leaves (Ismail et al., 2004).
Results presented in this study are similar to those
reported by Saei et al. (2006). They reported that plants
subjected to water stress, not only have lower growth rate
but also their structural characteristics, specially their
leaves changed. Other crops such as tomatoes had fewer
leaf area and fewer succulent shoots comparing with
control plants under drought stress (Torrecillas et al.,
1995).

Fernandez et al. (1994) found that rainfed olive roots
were more concentrated around stem with longer
distances than the irrigated olive roots. Root growth rate
directly related to soil water content (Fernandez et al.,
1994; Dichio et al., 2002; Sofo et al., 2004). Under
stress conditions, the shoots lose more water than roots
(Torrecillas et al., 1995). Many plant spices tolerate to
water stress by increasing assimilation which is allotted
to root growth. This may be due to different range of
sensitivities to internal Abcisic Acid (ABA) by root and
shoot and also osmosis regulation in roots (Dichio et al.,
2002; Sofo et al., 2004). Kramer and Kozlowski (1979)
and Xudan (1986) reported that roots are the strongest
antagonists for obtaining accessible assimilation
materials particularly in drought resistant wheat
cultivars.

Olive cultivars response to drought stress conditions
using different mechanisms. Some cultivars employ
either prodigal or conservative water-use-efficiency to
better acclimate to drought stress (Bacelar et al., 2009).
The results of this study are similar to others
(Fernandez et al., 1994; Giorio et al., 1999). Similar
trends were also reported for other plants such as
banana (Ismail et al., 2004), tomato (Mishra and
Pradhan, 1972; Malash and Flowers, 1984), rice and
eggplant (Prakash and Ramachandran, 2000; Halder
and Burrage, 2003).

Mishra and Pradhan (1972) and Malash and
Flowers (1984) reported a decline of the dry weight of
treated seeding of tomatoes following Cycocel
application. Cycocel, by further closing of stomata and
reducing of diffusion of carbon dioxide into leaf cells,
causes reduction of both photosynthesis and total dry
weight. On the other hands, Cycocel causes reduction
of growth by preventing Gibberellic Acid (GA3)
syntheses, which in turn reduces plant dry weight
(Skene and Mullins, 1967; Jaana et al., 2002). Different
factors can increase dry weight of roots in this
condition: (A) Cycocel decreases shoot growth and
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more hydro carbonic and assimilation materials are
accessible to roots. It also reduces the dose of carbon
dioxide in leaf cells and photosynthesis (Skene and
Mullins, 1967). (B) Interfacing stress conditions and
stomata closure by Cycocel, dry weight of roots can be
increased by osmosis regulation and increasing of
soluble potassium and carbohydrates (Skene and
Mullins, 1967). (C) Cycocel application rate increased
the root area and this in turn resulted in increasing dry
weight of root (Skene and Mullins, 1967). Jaana et al.
(2002) reported that Cycocel increased dry and fresh
weights of roots. Our results indicated that increasing
doses of Cycocel decreased the root length while the
root area increased. This shows that the application of
Cycocel caused olives roots to become thicker and
shorter. Skene and Mullins (1967) found roots of
Vitis vinifera L. plants grown in solution cultures
containing Cycocel were shorter and thicker than those
of untreated control plants. Mishra and Pradhan (1972)
and Malash and Flowers (1984) reported that Cycocel
reduced shoot growth and hence the overall dry weight
of plant and reducing the ratio of dry weight of shoot to
root.

Skene and Mullins (1967) found that the CCC had
markedly affected on the appearance of the roots.
Associated with a decree in root length, root diameter
was much greater than that of the untreated controls.
This probably is a mechanism of olive adaptation, so
that it compensates reducing root area in drought stress
conditions by increasing its length. It also compensate
reducing root length in presence of Cycocel, by
increasing root area until the product of (root area x
root length) does not reduce from its minimum rate so
that the plants be able to tolerate stress.

Prakash and Ramachandran (2000) reported that
Cycocel application increased RWC of olive leaves. It
is likely that the Cycocel application can affect the
internal metabolisms of stomata cells. The more closing
of stomata, recovers the efficiency of plant water usage
until plant reduces transpiration, without any negative
effects on stress tolerance (Mishra and Pradhan, 1972;
Malash and Flowers, 1984; Giorio et al., 1999).
Duration of stability of effect of Cycocel on stomata in
this research was clear until the end of 4 weeks, so that
until the end of experiment, stomata conductive of plants
treated by Cycocel remained on a lower level compared
to control plants. As leaves are the most important organs,
which lose water, plants under drought stress undergo
some changes in their leaves in order to save water
(Chartzoulakis et al., 1999). The main change is the
stomata closure in order to reduce transpiration rate and
prevent water loss (Saei et al., 2006). Cycocel induced
stomata closure and delayed wilting and the effect



Am. J. Applied Sci., 7 (4): 459-465, 2010

stabled about one week (Mishra and Pradhan, 1972;
Malash and Flowers, 1984). Skene and Mullins (1967)
showed that Cycocel reduced the number of stomata in
dry farming-corn and in contrast the percentage of
closed stomata increased. The results of this research
are similar to other studies reported in the field of
stomata resistant in response to shortage of water in rice
(Halder and Burrage, 2003). Investigating the daily
stomata behavior of potted olive leaves exposed to
natural environmental conditions revealed that stomata
opened early in the morning. However, by noon the rate
of stomata opening decreased and almost remained
steady all afternoon (Angelopoulos et al., 1996). In this
research, stomata resistant was increased by reduction
of irrigation level and increasing doses of Cycocel
application, as a result of keeping RWC and reduction
of transpiration. Similar results were reported by
Malash and Flowers (1984); Skene and Mullins (1967);
Dry et al. (1996) and Basinger and Hellman (2006).

In this research the increase in stomata resistance
and reduction of stomata conductivity were observed.
This result was also reported by Giorio et al. (1999) and
Saei et al. (2006). Closing of stomata, as a result of
drought stress, has been attributed to increasing of the
distribution of  Abcisic  Acid from root to leaves
(Levy et al., 1978; Abrisqueta et al., 2008). Stomata
closure in plants is an adaptation mechanism to water
deficit, which causes water saving and protect plants
against drought stress (Moriana et al., 2002).

CONCLUSION

Drought stress reduced the olive performance.
Among the three olive cultivars investigated, Fishami
cultivar had more resistance to drought compare to
Baghmalek and Dezfuli cultivars. Results showed that
increasing doses of Cycocel in drought stress, increased
biomass weight, RWC and stomata resistance. Cycocel
adjusted and neutralized negative effects of drought
stress.
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