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Abstract

This study investigated ameliorative effect of paclobutrazol on growth, hormones, antioxidant system and protein pattern of
soybean (Glycine max L.) plants grown under water deficit conditions. Pot-grown plants were foliar treated with paclobutrazol at
40 mg L™ at vegetative growth and the beginning of bloom and then exposed to water deficit stress at pod initiation for 7 d.
Paclobutrazol promoted biomass accumulation and seed yield under both water conditions. Plants treated with paclobutrazol
showed higher leaf water potential only in water-stressed condition. Water stress decreased the chlorophyll content, but those of
paclobutrazol -treated plants were higher than the stressed control. Paclobutrazol-treated plants contained less GA; and ABA
under well-watered condition than untreated plants, while the IAA and zeatin levels were increased substantially under both water
conditions, and ABA concentration was aso increased under water stressed condition. Under water-stressed conditions,
paclobutrazol increased the content of proline and soluble sugars, and the activities of superoxide dismutase and peroxidase in
soybean leaves but not the malondialdehyde content or electrical conductivity. These results suggest that paclobutrazol-induced
tolerance to water deficit stress in soybean was related to the changes of hormones and antioxidant system of leaves.
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Introduction

Soybean (Glycine max L.) is an important dicot crop Drought is a regular and common feature in Saudi
due to the high content of oil and protein in its seeds. Arabia. Severe water stress reduces plant growth by
Because of its potential for large-scale production, affecting various physiologica and biochemical
soybean has excelled in the world agricultura processes, such as photosynthesis, respiration,
economy as a major oilseed crop. At present, soybeans trandocation, ion uptake, carbohydrates, nutrient
are grown primarily for oil extraction and for use as a metabolism and growth promoters (Abdalla, 2011;
high protein mea for animal feed (Singh and Azadeh et al., 2014). Water stress has been found to
Shivakumar, 2010). According to Li-Juan and Ru- activate the production of the reactive oxygen species
Zhen (2010), soybean has a protein content of (ROS) which is toxic for plant cells (Miyake, 2010).
approximately 40% and an oil content of The common adverse effect of water stress on cropsis
approximately 20%. Soybean production has been the reduction in fresh and dry biomass production as
increased from about 26 million tons in 1960 to 223 well as crop yield (Lisar et al., 2012). Drought stress
million tons in 2010 due to increases in harvest area causes closing stoma and reducing leaf area
and yield (FAO, 2012). One mgjor factor influencing (Kumudini,  2010);  consequently  decreasing
growth and yield of soybean is water deficit and photosynthetic pigments and activity. Exogenously
drought stress. applied plant growth regulators are being used

increasingly to enhance tolerance of cropsto
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environmental  stresses. Paclobutrazol, an active
member of the triazole family, was developed for use
as a plant growth retardant (Brian, 2015).
Paclobutrazol applied foliarly to oilseed rape has
enhanced tolerance to stresses, such as, waterlogging
(Qiu et d., 2005), heat (Wang et d., 2014), and sdt
stress (Hajihashemi et al., 2014). It also has enhanced
drought tolerance in strawberry ( Parvin et a., 2014).
Recent researches showed that paclobutrazol applied
as a foliar spray at the pollination time increased
wheat yield significantly (Hajihashemi et al., 2014)
and soybean yield (Zhang et al., 2007).

The purpose of this study is to determine whether
paclobutrazol increases drought tolerance of soybean
(Glycine max L.) plants, and if such tolerance is
associated with changes in growth, phytohormones
and antioxidant enzymes.

Materials and Methods
Experiment

The experiment was conducted during the soybean
growing season of May to September 2014. Seeds of
soybean (Glycine max L., cv. Ransom) were sown in
pots (25 cm diameterx30 cm tall), containing 10 kg of
a sandy soil mixed with peat moss (2:1 ration) and
25% organic matter content, nutrients of
200 mg N kg-1, 100 mg P kg-1, and 200 mg K kg-1.
After the first trifoliolate leaf emerged, seedlings were
thinned to four per pot. Water content of the pots was
kept at 80% of soil field capacity by manual watering
until the water treatments were initiated.

At the vegetative growth stage (eight weeks after
planting), 40 pots with uniform seedlings were
selected. Paclobutrazol at 40 mg L™ plus Tween 20
surfactant at 0.1% (v/v) in water was applied to the
plants until incipient runoff, using a hand-held
aerosol-propelled sprayer. This treatment was repeated
just before flowering stage. Plants of the other 20 pots
were the non-stressed controls and received water and
Tween 20 surfactant at 0.1% (v/v).

Two water treatments were imposed at 7 d after the
first application of paclobutrazol treatment following
the methods of Desclaux and Roument (1996). Soil
water content of well-watered controls (10 pots of
paclobutrazol treated and 10 untreated) was
maintained at 80% of soil field capacity, while the

82

water content of water-stressed pots (10 pots of
paclobutrazol treated and 10 untreated) was set to 60%
of the soil field capacity by withholding watering for
certain time.

Plant height and biomass measur ement

Four pots from each treatment were kept growing until
harvest. The water content of water-stressed pots after
7 d of water stress was recovered to 80% of soil field
capacity for the remainder of the experiment. Plant
height, biomass (dry weight), and seed weight were
measured at full maturity.

L eaf water potential measurement

Leaf water potential (Wleaf) of the uppermost fully
expanded leaves was measured at midday (11:30 am)
on Day 7 after initiating water stress, when the sky
was clear. A pressure chamber (Model 3000, Sail
Moisture Equipment Corp., Santa Barbara, CA, USA)
was used to measure the Wleaf, with one leaf per plant
from plants of three pots for each treatment.

Chlorophyll content, and Photosynthetic rate

Chlorophyll content, and Photosynthetic rate (Pn) of
the uppermost fully expanded leaves were measured
on Day 7 after initiating water stress. Chlorophyll
content was measured with a portable chlorophyll
meter (Minolta SPAD-502, Japan), following the
method of Turner and Jund (1991), and Pn was
measured with a photosynthesis system (LI1-6400, LI-
COR., USA). The measurements were made between
09.00 and 11.00 am when photosynthetically active
radiation above the canopy was 1000
1200 pmol m-2 s-1. Plant leaves of three pots were
used for each treatment as described above.

Biochemical measurements

Leaves were sampled at 7 d after initiation of water
stress for each paclobutrazol and water treatment
between 9:30 and 10:30 am. The uppermost fully
expanded leaf from plants, of 4potsin each treatment,
was detached and immediately immersed in liquid N2.
Leaf samples were pooled by pot, ground to fine
powder in liquid N2 with a mortar and pestle, and
stored in liquid N2 until used.
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The activities of SOD and POD and malondiadehyde
(MDA) content were anayzed by the method of Leul
and Zhou (1999). Soluble sugars were evaluated using
the anthrone method described by Fales (1951).

Proline was extracted and determined
spectrophotometrically following the method of Bates
et a. (1973). Extraction, purification, and

determination of endogenous levels of 1AA, GAS3,
ABA, and cytokinine by HPLC technique were
performed as described by Guo et al. (2011).

Statistical analysis

The collected data were analyzed statistically using
completely randomized block design and analysis of
variance (ANOVA) according to Gomez and Gomez
(1984) with the aid of COSTAT computer program.
Treatment means were compared using the least
significant difference test (LSD) at 5% level.

Results and Discussion

Growth and yield

Plant height, dry weight, and seed yield were
decreased by water stress treatment (Table 1).
Conversely, paclobutrazol treatment, under the well-
watered treatment, caused an increase in the total dry
weight by about 14.5% and in seed yield by 23.2%.
While, the corresponding increases under water-
stressed conditions were about 14% and 20%,
respectively, as compared with control. It was clear
that paclobutrazol caused reductions in plant heights
either in well-watered or in water-stressed plants.
These reductions were 10.9% and 30.2%, respectively,
as compared with control, while, water stress
treatment caused a reduction in plant height by about
18.6% as compared with control, in the absence of
paclobutrazol treatment.

Table 1. Effect of water stress (WS) and paclobutrazol (PBZ) on plant height, dry weighy and seed yield. Vaues are
means of three replicates +SE.

Treatments Plant height Fresh Dry weight Seed yield Water
(cm) weight (g/plant) (g/plant) content (%)
(¢/plant)
Control 62.5+8.4 116.6+12.4 25.6+3.6 12.5+2.6 82%
WS 50.9+9.5 073.7+11.5 20.8+4.2 08.6+1.1 78%
PBZ 55.749.9 148.5+13.5 28.3t4.9 15.4+2.5 84%
WS + PBZ. 43.6+8.5 094.4+10.6 23.6+2.8 10.4+2.4 80%

It was found that triazole compounds protect plants
from various environmental stresses, including
chilling, drought, heat, waterlogging, air pollutants,
and heavy metals (Zhang et al., 2007; Fletcher et d.,
2010). Drought is a mgjor abiotic factor that limits
agricultural crop production. To improve agricultural
productivity within limited land and water resources, it
is imperative to ensure high crop yields against
unfavorable environmental stresses. Our results
confirmed that paclobutrazol could enhance water
deficit tolerance in soybean, which led to higher
biomass accumulation and seed yield under water
stress conditions than without paclobutrazol (Table 1).

One of the most widely used agricultura indices to
define stress tolerance is data for plant biomass and
yield (Juan et a., 2005). The results obtained from
these experiments herein show that water stress caused
a significant reduction in plant growth parameters and
yield. However, supplementary paclobutrazol
enhanced these parameters compared to water-stressed
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plants. Triazole growth regulators have been reported
to protect plants from various environmental stresses,
including drought, salinity, and heavy metals (Zhang
et a., 2007; Aly and Latif, 2011). Our results
demonstrate that exogenous application of PBZ
compound improved the plant height, plant fresh and
dry weights as well as water content of soybean plants
under water stress. These findings are in agreement
with other published studies. It was found that
Soybean is sensitive to drought stress (van Heerden
and Kriger, 2002), and a drought-induced decrease in
photosynthesis reduces soybean yield (Liu et a.,
2004). In the present study, water stress affected |eaf
RWC, and water-stressed plants showed significantly
lower values compared to respective control plants in
response to water stress. It is hypothesized that
protection of salinity in triazole compound-treated
plants was associated with longer roots and smaller
leaves for absorbing more water and losing less water,
which improve stress tolerance in water-stressed
plants (Fletcher et al., 2010).
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L eaf water potential

Data recorded in Figure (1) showed that water stress
caused a decreased in the Wleaf, while pacrlobutrazol
caused an increase of about 29% in the Wleaf under
water-stressed condition as compared to WS treatment
in the absence of paclobutrazol, indicating that the
paclobutrazol-treated leaves might lose less water.
However, under the well-watered conditions, there
was no significant difference in Wleaf between
paclobutrazol-treated (-0.65 M Pa) and control plants (-
0.58 MPQ).

Considerable variation in leaf Ww was observed
among the treatments of both water stress and PBZ
(Fig. 1). Water-stressed plants without PBZ showed a
significant reduction in leaf Ww than non-water-
stressed plants without PBZ. The application of PBZ
significantly increased the leaf Yw in water-stressed
plants. The maximum leaf WYw was observed in PBZ
(40 mg I™") as compared to the control (PBZ 0.0 mg I’
1. The data pertaining to interaction effect of water
stress and paclobutrazol clearly indicated an effective
role of PBZ for improving leaf Ww and paclobutrazol
(40 mg I-1) was found to be efficient in mitigating the
stress by increasing the leaf WYw. Water-stressed plants
with PBZ had significant reductions in the decrease in
leaf Ww than water-stressed plants without PBZ
treatments (Fig. 1). It is worth mentioning here that as

compare to non-water-stressed and non-PBZ-treated
plants (control), the water-stressed plants without PBZ
treatment showed a significant reduction in leaf Yw
whereas application of PBZ in water-stressed plants
significantly reduced this reduction in leaf Ww. Thus,
it appears that PBZ has a role for improving leaf Yw
in soybean. In this study, the plants treated with PBZ
appear to have been more resistant to water stress than
those without PBZ treatment, as shown by the
alleviation of the reduction in leaf Ww. The reduction
in the decrease in leaf Ww for the PBZ-treated plants
was particularly significant. Similar results have been
reported for barley (Trebichalsky et al. 2014), pea
(Wang et d., 1992), oak (Thomas and Gausdling, 2000)
and apple (Atkinson et al., 2000). The PBZ influence
was, however, reduced the decline in leaf water
potential. Moreover, upregulation of stress protective
bio-molecules in PBZ-treated plants have aso
enhanced the capacity to limit the damage

caused by species of reactive (Rady and Gaballah,
2012). Traiazoles-treated plants characteristicaly use
less water and have increased tolerance to drought and
a higher water potential than control plants (Fletcher et
al., 2000). Reduced inhibition of growth under drought
stress appears to be associated with maintenance of
relatively high water potentia in leaves (Ohashi et al.,
2006). Higher leaf water potential is vital for soybean
yield formation (Liu et al., 2004).

Leaf water potential (Mpa)
—
w

Treatments

-0.5
_1 |
-2 4

-2.5

Fig. 1. Effect 01'c water stress (WS) and paclobutrazol (PBZ) on leaf water potential of soybean leaves. Vaues are
means of three replicates (Vertical linesindicate+SE).
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Chlorophyll content

Data obtained in Figure (2) indicated that water deficit
decreased chlorophyll content of soybean leaves by
about 20% as compared with well-watered plants.
Paclobutrazol, on the other side caused an

improvement in chlorophyll content of water-stressed
plants compared to that recorded at water stress
treatment without paclobutrazol. In well-watered
plants, chlorophyll content increased by about 10% as
compared with control treatment.

60 -

SPADR

Control

nh

Treatments

WS+BPZ

Fig. 2: Effect of water stress (WS) and paclobutrazol (PBZ) on chlorophyll content of soybean leaves. Vaues are
means of three replicates (Vertical linesindicate+SE).

The chlorophyll content of leaves generally decrease
underwater stress conditions (Karimi et al., 2005). The
reduction in leaf chlorophyll under stress is attributed
to the destruction of chlorophyll pigments and the
instability of the pigment protein complex (Yokas et
al., 2008). Moreover, Tuna (2014) reported that light-
scattering  spectroscopy and microscopy  have
established that the cross-sectional areas of triazole-
treated chloroplasts are significantly larger compared
to those observed in untreated leaves. An increase in
cytokinins by triazoles could lead to the observed
enhanced chloroplast size and chlorophyll levels. For
example, in maize, triazole treatment did not change
the number of chloroplasts, although the findings
indicated more chlorophyll per chloroplast (Basra,
2000). In the present study, water stress treatment
caused a magor decline in the chlorophyll content
while PBZ treatment of the dtressed plants
significantly increased chlorophyll content compared
to water-stressed plants without PBZ. Nouriyani et a.
(2012) reported that an increase in paclobutrazol
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concentrations  increased  chlorophyll  content
significantly in two wheat cultivars. Pinhero and
Fletcher (1994) observed an increase in chlorophyll
and carotenoid pigments after treatments with the
triazole compound paclobutrazol in maize seedlings.
Our results also confirmed these findings.

Photosynthetic rate (Pn)

Figure (3) showed that Pn of soybean plants
drastically decreased under water stress condition. The
reduction in Pn caused by WS treatment was about
33% as compared to well-watered plants. On the other
hand, Pn of either well-watered plants or water-
stressed plants increased by paclobutrazol treatment.
In this regard the increase in Pn of unstressed plants
reached about 8% of control, while the increase in Pn
of water-stressed plants was about 12% as compared
to water-stressed plants in the absence of
paclobutrazol .
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Fig. 3: Effect of water stress (WS) and paclobutrazol (PBZ) on photosynthetic rate (Pn) of soybean leaves. Values are
means of three replicates (Vertical lines indicatetSE).

It was reported that water stress adversely impacts
many aspects of the physiology of plants, especialy
photosynthetic capacity (Osakabe et a., 2014). Water
stress directly affects rates of photosynthesis due to
the decreased CO, availability resulted from stomatal
closure (Chaves et al., 2009), and/or from changes in
photosynthetic metabolism (Lawlor, 2002). Drought
has a negative effect on photosynthesis when the rates
of photosynthesis are reduced by water stress
(Osakabe and Osakabe, 2012). A  strong
interconnection between the responses to drought
stresses has been suggested, and around 70% genes are
induced by drought (Chan et al., 2010; Estavillo et a.,
2011). Water stress also stimulates the production of
ROS, such as H,0,, superoxide (O,) and singlet
oxygen (*O,), by specific photochemica and
biochemical processes, which aso exerts deleterious
effects on photosynthesis (Li et al., 2008). In another
studies, it was found that water stress substantially
aters plant metabolism, decreasing plant growth and
photosynthesis (Aldesuquy et al, 2012). The relative
water content (RWC), water potential and turgor of
cells are decreased and the concentrations of ions and
other solutes in the cells are increased, thereby
decreasing the osmotic potential (Ribas-Carbo et d.,
2005). Stomatal poresin the leaf surface progressively
close, decreasing the conductance to water vapour and
thus slowing transpiration and the rate at which water
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deficits develop. Also, photosynthetic assimilation of
CO2 decreases, often concomitant with, and
frequently ascribed to, decreasing conductance to CO2
(Tezara et a., 1999). In the present study, it was found
that soybean seedlings treated with paclobutrazol had
increased Pn regardless of soil water status, but leaf
water potential and chlorophyll content were increased
only under water-stressed conditions with PBZ (Figs 1
and 3) Improvement of photosynthesis by
paclobutrazol is the main contribution for better yield
regardless of water conditions, as was indicated by
other studies (Qiu et al., 2005; Tuna, 2014 ). Thus,
water-stressed plants treated with PBZ maintained a
greater Pn than those without PBZ ( Fig. 2).

Proline and soluble sugars

Data recorded in Fig (4) showed clearly that proline
and soluble sugar contents substantialy increased
water-stressed plants. In this regard, WS treatment
caused an increase of about 64% in proline and about
73% in soluble sugars as compared with well-watered
plants. Moreover, PBZ treatment caused further
increases in  both compounds. Thus, Proline
concentration and soluble sugar content increased with
WS+PBZ treatment by about 10% and 6%,
respectively, compared with those values obtained
under WS treatment in the absence of PBZ.
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Fig. 4: Effect of water stress (WS) and paclobutrazol (PBZ) on proline and soluble sugar contents of soybean |eaves.
Vaues are means of three replicates (Vertical linesindicatetSE).

It iswell known that proline and sugars are considered
compatible and osmoregulator solutes and both
compounds accumulate in many plant species under a
broad range of stress conditions, such as water
shortage, salinity, extreme temperatures, and high light
intensity (Abbaspour, 2012). In our study, proline and
soluble sugar contents in the leaves of soybean plants
grown under water stress increased compared to the
unstressed control plants. Moreover, externally
supplied PBZ promoted this effect and increased
proline and soluble sugar content (Fig 4). The
literature survey showed that biochemical effects of
the triazoles include increased levels of proline. For
example, the triadimefon treatment also increased the
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proline content in the leaves, stem, and root of C.
roseus plants compared to the control (Jaleel et al.,
2007). Similarly, paclobutrazol increased the proline
content in Eruca sativa seedlings (Mathur and Bohra,
1992). Consistent with these results, Baninasab and
Ghobadi  (2011) observed that paclobutrazol
ameliorated the injuries caused by heat stress by
increasing the leaf proline content and preventing an
increase in leaf electrolyte leakage. Moreover, it was
reported that soybean plants cope with drought stress
by accumulating some osmolytes, including proline
and soluble sugars (van Heerden and Kriiger, 2002).
Drought increased proline and soluble sugar
accumulation in soybean leaves, and pacl obutrazol
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increased osmolyte contents compared with the water-
stressed control (Fig. 4). Proline accumulation is
positively correlated with drought tolerance (Reddy et
a., 2004). Osmolyte accumulation induced by PBZ
may be an important factor to prevent water loss and
to maintain high photosynthesis activity in soybean.

Phytohormones

Data reported in Tables (5 and 6) showed that all
phytohormone concentrations in soybean leaves were
changed with both water stress and paclobutrazol
treatments. In the absence of paclobutrazol, water
stress alone caused a reduction in GA3, IAA and CK
by about 76%, 50% and 42%, respectively, and caused

an increase of about 98% in ABA concentration, as
compared with control treatment. Pacloputrazol-
treated plants had much lower GA3 and higher 1AA
and CK than untreated soybean within each water
condition but ABA content was increased by
paclobutrazol only under water-stressed conditions. In
this regard, patrobutrazol treatment alone caused a
decrease of about 41% in GA3 and 11% in IAA levels
and an increase of about 86% and 68% in CK and
ABA of well-watered plants, with respect to control
treatment. Moreover, WS + PBZ treatment caused a
decrease in GA and IAA concentrations and an
increase in CK and IAA concentrations as compared
with WS treatment alone

mg.1000g fwt

0.25 4

0.2

0.15 -

0.1

mg.1000g fwt

0.05

GA3

Fig. 5: Effect of water stress (WS) and paclobutrazol (PBZ) on endogenous GA3 and IAA levels of soybean |eaves.
Values are means of three replicates (Vertical linesindicatetSE).
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Fig. 6: Effect of water stress (WS) and paclobutrazol (PBZ) on endogenous CK and ABA levels of soybean leaves.
Vaues are means of three replicates (Vertical linesindicatetSE).

The endogenous hormonal balance in soybean leaves
was affected after plants were treated with uniconazole
and exposed to water deficit stress (Figs 5 and 6). Leul
and Zhou (1998) reported that changes in
morphological  characteristics and physiologica
activities by triazole compounds were closely related
with alterations in hormone concentrations in leaves
following treatment. Paclobutrazol-treated plants had
decreased GA3 and IAA, but increased CK, and ABA
contents under water stress condition (WS+PBZ
treatment). These changes resulted in a new balance of
endogenous hormones, which would be favorable to
drought tolerance (Davis et a., 1988). The effects of
triazoles and gibberellic acid (GA) are mutually
antagonistic, as seen in examples of inhibition of
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triazole-induced physiological and biochemical
processes. Inhibited gibberellin biosynthesis and
increased cytokinin and abscisic acid content induced
by these triazoles might be the cause of increased root
growth and corresponding dry or fresh weight in
plants (Basra, 2000; Rajalekshmi et al., 2009). It was
interesting to find that PBZ caused an increasein ABA
accumulation by 98% when soybean experienced
water deficit (Fig. 6). An increase in ABA after
triazole treatment under water stress conditions was
also observed by Grossmann et a. (1994). ABA
accumulation in triazole-treated rape |leaves decreased
under water logging conditions (Leul and Zhou 1998).
Conversdly, triazoles, including PBZ, inhibited GA
biosynthesis and stimulated. ABA accumulation
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(Fletcher et al., 2000). Asare-Boamah et al. (1986)
reported that the transient rise in ABA levels partly
contributed to increased drought tolerance by reducing
leaf transpiration. High leaf ABA content induced
stomatal closure in water-deficit stressed plants, which
resulted in a high leaf water potential, and the net
effect was that water-stressed plants maintained a
greater Pn. Liu et al. (2004) showed that high leaf
water potential is vital for soybean pod set. Also,
triazoles -induced tolerance to heat or low-temperature
stresses has been associated with increased levels of
endogenous ABA (Fletcher et a., 2000). In the present
experiment, when plants are exposed to water-deficit
stress, drought-induced ABA plays a mgor role in
response and tolerance to water deficit (Reddy et al.,
2004). Accumulation of ABA by PBZ-treated soybean
might have helped to prevent water loss.

Antioxidant enzymes

Data in Table (2) indicated that activities of SOD,
PPO and POX increased under water stress condition.
Soluble protein showed dlight increase also under WS
treatment as compared with control. Paclobutrazol was

found to increase POX activity and protein
concentration in well-watered plants, but SOD and
PPO activities were not changed significantly at PBZ
treatment. Conversely, in water-stressed plants, PBZ
caused significant increases in the activity of SOD,
PPO and POX as well as the concentration of soluble
proteins in plant leaves. These increases of enzyme
activities and proteins in water-stressed plants under
PBZ treatment were about 166%, 14%, 94% and 42%,
respectively, as compared with well-watered control
plants. But at water-stressed plants, PBZ treatment
caused an increase in SOD activity by about 7% and
soluble protein by about 29%, as compared to WS-
plants without PBZ treatment.  Triazoles have
increased the activity of antioxidants (Kraus and
Fletcher, 1994), which help plants to tolerate stress
conditions. Foliar application of triazoles caused an
increase in SOD and POX activities of soybean plants
during water stress. Fletcher et al. (2000) indicated
that triazole-induced stress tolerance in plants may be
caused, at least in part, by increased antioxidant
activity, which in turn reduces oxidative injury to
membrane and/or enzyme activity.

Table 2. Effect of water stress (WS) and paclobutrazol (PBZ) on activities of superoxide dismutase (SOD),
polyphenol oxidase (PPO) and peroxidase (POX) of soybean leaves. Vaues are means of three replicates +SE.

Treatments SOD (U mg PPO (U x 100 POX (A A470 Soluble protein
'protein) mg™ protein) min‘mg™* (mg g™ Fwt)
protein)
Control 065.8t9.4 72.615.3 08.5+1.8 2.23+0.45
WS 164.4+115 85.8+6.6 20.7£3.2 2.46x0.28
PBZ 068.5+7.5 70.4+4.8 10.9+2.6 2.88+0.33
WS+PBZ 175.8+10.3 86.617.5 23.4+3.2 3.17+0.64

In the present study, we found that paclobutrazol is
involved in the protection and activation of the
antioxidative system under conditions of water stress
because PBZ treated plants exhibited higher
antioxidative activities after being exposed to water
stress compared to WS treatment without PBZ (Table
2). These data are in agreement with those of earlier
studies, which showed that various triazoles-treated
plants are more tolerant to environmental stresses
(Kishorekumar et al., 2008) compared to untreated
plants. Reactive oxygen species (ROS) cause damage
to lipids, proteins, and DNA. The triazole compounds
enhance different H202 scavenging enzymes, like
superoxise dismutase and ascorbate peroxidase, and
also various other antioxidants in many plant species.
This enhancement would help in scavenging of ROS,
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like H202 (Tuna, 2014). The stress protection offered
by triazoles depends heavily on the modulation of the
activity and levels of antioxidants. A literature survey
indicates that triazoles have increased the activity of
antioxidant potential (Sivakumar and Panneerselvam,
2011), which helps plants tolerate stress conditions.
These results are in agreement with those of Nair et al.
(2012) who reported that triazols caused an increase in
the activities of antioxidant enzymes, like superoxide
dismutase, peroxidase and polyphenol oxidase.
Therefore, paclobutrazol seem to induce increased
stress resistance by increasing photosynthetic
efficiency, thereby reducing the generation of free
radicals and increasing the levels of antioxidants
involved in the prevention of free radical generation
(Singh, 2005; Tuna, 2014).



Conclusion

It can be concluded that the application of
paclobutrazol reduced the deleterious effects of
drought stress on soybean growth. Paclobutrazol
caused an increase in the leaf water potential (W) ex)
and in the activities of antioxidant enzymes. It also
promoted accumulation of proline, soluble sugars and
the rate of photosynthesis under water-stress
condition. Moreover,  paclobutrazol induced
significant accumulation of leaf ABA by plants
exposed to water deficit stress, which played a major
role in soybean tolerance to drought stress.
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