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ABSTRACT: Drought and salt stress which limit the plants growth are becoming a serious problem in the
world. Aloe vera is one of the most valuable medicine plants in world. It requires limited irrigation depending
on the capacity of the soil to retain humidity. Since Aloe is a CAM species it could naturally be adapted to
conditions of dryness and high temperatures. In this research the conjugation effect of salinity treatments and
irrigation levels on Aloe plant was studied. In this experiment used various levels of salinity including the
control, 4, 8, and 12 (ds/m), also the irrigation treatments were FC, 40%, 60%, and 80% depletion of
available water during two year studies. Results revealed that the salinity stress and water deficit affected the
plant height, number of leaves, leaf length, leaf thickness, aerial fresh yield, leaf fresh weight and gel weight.
Salinity affected most of growing traits in comparison to control treatment; however increasing salt
concentrations did not lead to a significant difference in vegetative indices between 4 and 8 ds/m applications.
Leaf fresh weight and gel weight per leaf did not show any significant differences in 12 ds/m with 8 ds/m
treatment. The 60% depletion of available water was appropriated for providing the adequate height, leaves
number and leaf diameter. Also 40% water depletion suggested for using water and high obtaining the leaf
weight, yield and leaf gel. Therefore Aloe is very resistant to severe saline and drought conditions. Chemical
results of the plant indicated that the increase of salinity and drought declined the total chlorophyll, but
enhanced the solution carbohydrate, proline and total soluble solid. Increasing carbohydrate concentration
and proline content without decreasing yield showed that this plant was resistance to high salinity and
drought.
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INTRODUCTION

Aloe vera L. is a tropical or sub-tropical plant with
turgid lace-shaped green leaves with jagged edges and
sharp points (Grindlay et al. 1986, Ni et al. 2004). This
is a perennial liliaceous plant with succulent green
leaves joined at the stem in a whorled pattern. It is
highly appreciated due to high economic value among
all the aloe species, and is used in pharmaceuticals, folk
medicine, healthcare, cosmetic products and food
products (Reynolds and Dweck, 1999) (Eshun & He,
2008). The plant contains two separate juice materials,

yellow latex (exudate), extracted from the vascular
bundles at the junction between the rind and the fillets,
and a transparent mucilaginous gel, extruded from the
inner pulp (Grindlay et al, 1986) (Choi et al, 2001)
(Yagi et al, 2003). The major and active constituents of
aloe latex are hydroxyanthracene derivatives (15-40%)
such as the anthraquinone glycosides aloin A and B
(Saccu, Bogoni, & Procida, 2001) (Moghaddasi &
Verma, 2011, Grace 2011). This plant is resistant to
unfavorable conditions and poor and dry soil.
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Damages of water deficiency, salinity and temperature
to plants in the world are wider compared to other
tensions. Of course, the salinity and drought have
attracted more attention (Tubabicer et al. 2004).
According to a survey, more than 800 million hectares
of land throughout the world are salt affected
(Anonymous, 2008). Salt stress is a limiting factor of
plant growth and yield, and becoming a serious
problem in the world. Estimates show that about one-
thirds of irrigation sections are either saline or alkaline
(Epsteine, 1980). Better understanding of the
mechanisms that enable plants to adapt to salt stress and
maintain growth would help in the selection of stress
tolerant cultivars for exploiting tidal flats. The
deleterious effects of salinity on plant growth are
associated with low osmotic potential of soil solution,
nutritional imbalance, specific ion effect, or a
combination of these factors (Ashraf & Harris. 2004).
The impact of salt stress has been correlated with some
morphological and physiological traits like reduction in
fresh and dry weight (Chartzoulakis & Klapaki, 2000)
(Ashraf & Harris, 2004) (Munns, 2005) (Zan et al,
2007).  Researches indicated that in Aloe vera, sever
salinity effected on morphological indices. Therefore
0.1% salinity has resulted in an increase in growth
parameters while 0.4% salinity reduced growth
parameters (Mustafa,1995). The drought stress has been
reported as one of the most important factors in yield
reduction of the plants. Deficiency and fast reduction of
water resources have been the key issue in many parts
of the world; especially the dry and semi dry areas of
the world (Sepaskhah & Akbari, 2005). Hence, drought
is one of the main reasons for the declining production
of bedding plants (Walterland et al, 2010). Plants have
evolved many morphological and physiological
strategies to cope with drought stress which adversely

affects plant growth, productivity and their
attractiveness. One of the first responses to the stress is
a reduction in plant growth (Weng & Yang, 2004).
Wang et al. (2003) reported that water stress led to a
series of molecular biochemical and physiological
changes, including loss of Chlorophyll in the plants.
Zulini et al. (2007) reported that Chlorophyll content
decreased with further increasing rate of drought stress.
Plants can partly protect themselves against mild water
stress by accumulating osmolytes. Proline is one of the
most common compatible osmolytes in drought stressed
plants. Proline metabolism in plants, however, has
mainly been calculated in response to osmotic stress
(Verbruggen & Hermans, 2008). Proline accumulation
may also be part of the stress signal influencing
adaptive responses (Maggio et al, 2002). The aim of
this study was to investigation the effect of salinity and
drought stress on some traits related to growth, yield
and some compounds of A. vera L. plant.

MATERIALS AND METHODS

A. Culture conditions
The experiment was conducted in a greenhouse in the
Isfahan Agriculture Research Center, Isfahan, Iran
(Latitude 32o36/ N, longitude 51o58/ E, and 1570 m
elevation) in 2012 until 2014. Aloe sprouts cultured in
pots with 40 cm length and 32 cm diameter. Sprouts at
planting time were in the four-leaf stage. In this
research were used 128 similar pots. This trial was
conducted in split plot design with three replications
which each replication containing one pots. The
experiments were performed with controlled
environmental conditions; the average temperature was
25 ?C and the relative humidity was 50%. Soil chemical
appearances shown in table 1.

Table 1: Chemical analyses of soil.

S.CationsS.AnionsHco3Ca+MgSo4OCNaClECpH

meq/lmeq/lmeq/lmeq/lmeq/l%meq/lmeq/lds/m-
13092862382.05688412/97.6

OC= organic carbon

B. Treatments
The experiment was continued for 18 months, including
a pre-experimental period of adaptation of the plants,
salinity and irrigation treatments. Salinity treatment was
along to irrigation treatment in through of trial. Soil
texture was determined using hydrometer. Field
capacity (0/3 MP) and permanent wilting point (15 MP)
were determined by the pressure plate method
(Manifold, UK). Soil moisture was measured at several
stages with TDR and the irrigation treatments were base

of depletion of available water (DAW) included field
capacity (T1), 40 % depletion of available water (T2),
60 % depletion of  available water (T3) and 80 %
depletion of available water (T4). Soil physical
analyses, irrigation treatments and condition of soil
moisture indicated in Table 2. Salinity treatments were
including of control (S1), 4 ds/m (S2), 8 ds/m (S3) and
12 ds/m (S4) which made by Nacl ordinary. Electric
conductivity of fresh water in green house was 0.36
ds/m.
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Table 2: Irrigation treatments, soil moister conditions and physical analyses of soil.

Irrigation treatments Water volume/Soil
volume

Physical analyses of soil

DAW
(%)

0 40 60 80 AM2 PWP FC Soil
texture

Sandy
%

Silt
%

Clay
%

Gravel
volume

%
VMP1

(%)
35 26.9 24.4 9.21 12.6 22 35 loam-

clay
19 41 40 30

1-Volumetric moisture percent (VMP). 2-Available moisture (AM).

C. Morphological observations
Drought and salinity effects  studied on the Plant
height, number of leaf, leaf length, leaf width, leaf
thickness, aerial fresh yield, leaf fresh weight, gel
weight and gel percent. The height of the plant from the
pot to the tip of the longest leaf was measured by a ruler
and recorded. The width and diameter of the leaf was
measured by a digital caliper in one third of each leaf.
The weight of whole of leaves after the out of the pot
and separate the roots, was measured with a digital
scale for aerial fresh yield. Leaves were taken to the
laboratory and after weighing each leaf; the gel fillets
were removed and weighed. The gel percent was
calculated from the following formula.

Gel % = gel weight/ leaf fresh weight ×100

D. Chemical observations
The measurement of total chlorophyll (Chl) was done
on the basis of Arnon (1949) method. The solution
carbohydrate evaluated by Phenol-Sulfuric Acid
method (DuBois et al, 1956).
The proline content (Pro) was determined by the
method given by Bates et al. (1973). Total soluble solid
content (TSS) determined by extracting and mixing one

drop of juice from each sample into a refractometer
(JENWAY - 6405 UV/V).

E. Statistical analysis
Data was analyzed on base of split plot design by
statistix8 software and mean comparison was done on
base of LSD test at 5% probability level. The EXCEL
software was used for recording data and drawing
diagrams.

RESULTS

Salinity and irrigation treatments affected the most
morphological and chemical traits in Aloe vera. The
effects of different levels of salinity on the plant height,
number of leaves, leaf length, leaf thickness, aerial
fresh yield, leaf fresh weight and gel weight of per leaf
exception to leaf width and gel percentage were
statistically significant (P<0.01), (Table 3). Based on
the results, the increased salinity up to 12 ds/m
intensively reduced the plant height, number of leaves
and leaf thickness. In the control salinity treatment the
plant height (52.13cm), leaves number (16 No) and leaf
diameter (1.31 cm) were observed. However, there
hadn't significant differences between 4 and 8 (ds/m)
levels on plant height and leaves number traits.

Table 3. Analysis of variance for morphological traits in Aloe vera.

Mean Square

S.O.V DF Plant
height
(cm)

Number
of leaves

Leaf
length
(cm)

Leaf
width
(cm)

Leaf
thickne
ss (cm)

Arial
fresh

yield (kg)

Leaf
fresh

weight (g)

Gel
weight
per leaf

(gr)

Gel (%)

Rep (R) 2 4.304 1.6458 1.206 3.04771 0.05896 0.13247 2530.8 204.6 192.940
Salinity (S) 3 373.727** 27.0208** 122.266** 1.36770 ns 0.29278

**
2.57762** 26287.1** 11394.5** 91.401ns

Error R*S 6 18.091 2.2292 9.158 1.08041 0.03007 0.13522 640.2 256.3 24.435
Irrigation (DAW) 3 109.681** 9.4097** 30.097ns 1.39694 ns 0.67389

**
1.39146** 16792.1** 7624.4** 136.965**

S×DAW 9 32.529 ** 8.1505** 24.419ns 1.38026 ns 0.06704
ns

0.73406** 5709.1** 2248.2** 25.719ns

Error R×S×DAW 24 8.286 1.6944 12.526 0.73284 0.04479 0.07699 752.1 342.2 19.874
CV (R×S×DAW)

%
6.35 8.99 8.52 14.28 18.27 20.38 16.86 20.42 8.15

*, **, ns shows significant in 5%, 1%, and insignificant, respectively.
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There was no significant different in the leaf length at
plants treated with fresh water and 4ds/m treatment
(Table 4). The maximum aerial fresh yield and leaf
fresh weight was obtained in the control treatment than
other saline treatments. The aerial fresh yield declined
from 1.97 kg in S1 to 0.87 kg in S4. Although severe
salinity (12 ds/m) reduced this factor about 50% in
comparison to the control treatment, there were no
significant difference between 8 and 12 ds/m levels
(Table 5).

The maximum gel weight of per leaf was observed at
the control treatment (no saline) (129.80 gr), while the
least amount was obtained in the severe salt (12 ds/m)
treatment (61.94 gr). However, significant differences
were not observed between S3 and S4 treatments (Table
5). Based on Table 6, the effect of salinity on total
chlorophyll, solution carbohydrate, proline and total
soluble solid was statistically significant (P<0.01).

Table 4. Mean comparison of Plant height, Number of leaf, Leaf length, Leaf width, Leaf thickness traits
under the different levels of salinity and irrigation treatments.

Treatment Plant height (cm) Number of
leaves

Leaf length
(cm)

Leaf width (cm) Leaf thickness (cm)

Salinity
control 52.13a 16.33a 44.12a 6.26a 1.31a

4 ds/m 56.80b 14.58b 44.35a 5.89a 1.14b

8 ds/m 43.50b 14.33b 39.54b 6.26a 1.22ab

12 ds/m 38.87c 12.66c 38.08b 5.56a 0.95c

Irrigation
FC 48.12a 15.58a 42.01a 6.05ab 1.39a

40% 46.76ab 14.41b 43.05ab 6.34a 1.25ab

60% 45.28b 14.50ab 41.73ab 6.06ab 1.15b

80% 41.14c 13.41b 39.30b 5.52b 0.83c

The mean for each experimental factor in each characteristic which has at least one letter in common are not
statistically significant based on LSD test at 5% level.

Table 5: Mean comparison of Aerial fresh yield, Leaf fresh weight, Gel weight per leaf, Gel percent traits
under the different levels of salinity and irrigation treatments.

Treatment Aerial fresh yield (kg) Leaf fresh weight (g) Gel weight per leaf (gr) Gel (%)

Salinity
control 1.97a 223.51a 129.80a 57.01a

4 ds/m 1.41b 174.91b 99.98a 56.29a

8 ds/m 1.18bc 130.88c 70.54b 54.71ab

12 ds/m 0.87c 121.32c 61.94b 50.83b

Irrigation
FC 1.56a 187.80a 104.85a 54.48b

40% 1.69a 198.18a 116.87a 59.37a

60% 1.25b 147.53b 79.94b 53.64b

80% 0.93c 117.11c 60.61c 51.34b

The mean for each experimental factor in each characteristic which has at least one letter in common are not
statistically significant based on LSD test at 5% level.

Table 6: Analysis of variance for chemical traits in Aloe vera.

Mean Squares
S.O.V DF Total chlorophyll

(mg/g)
Solution

carbohydrate
(mg/g)

Proline
(µg/g)

TSS
(%)

Rep (R) 2 0.00698 4.8624 0.00247 0.00812
Salinity (S) 3 0.13690** 18.7542** 3.26313** 0.87389**
Error R×S 6 0.00085 0.1581 0.08415 0.01035

Irrigation (DAW) 3 0.03851** 23.4019** 1.46491** 1.18778**
S×DAW 9 0.00238ns 0.5086* 0.06094ns 0.05537**

Error R×S×DAW 24 0.00161 0.2057 0.03207 0.01118
CV (R×S×DAW) % 10.51 6.34 8.55 9.00

*, **, ns shows significant in 5%, 1%, and insignificant, respectively
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The maximum and the minimum chlorophyll content
were indicated to the control salinity (0.494 mg/g) and
12 ds/m (0.249 mg/g) treatments, respectively (Table
7). The effects of salinity showed that the increasing
saline enhanced the solution carbohydrate. Solution
carbohydrate ranged from the control treatment (5.85
mg /g) to salinity of 12 ds/m (8.66 mg/g).

The mean comparison showed that the maximum
proline content was belonged to 12 ds/m treatment
(2.65 µg/g) and the least amount was related to control
treatment (1.43 µg/g). The highest level of TSS was
evaluated up to 1.43% at the severe salinity and the
least level was 0.87 % at the control salinity treatment
(Table 7).

Table 7. Mean comparison of Total chlorophyll, Solution carbohydrate, Proline and TSS traits under the different levels
of salinity and irrigation treatments.

Treatment Total chlorophyll
(mg/g)

Solution
carbohydrate (mg/g)

Proline
(µg/g)

TSS
(%)

Salinity
control 0.4942a 5.8589d 1.4340d 0.875d

4 ds/m 0.4358b 6.4522c 1.9720c 1.041c

8 ds/m 0.3460c 7.6456b 2.3227b 1.300b

12 ds/m 0.2499d 8.6630a 2.6535a 1.483a

Irrigation
FC 0.3822b 5.1684c 1.7924c 0.7667c

40% 0.4349a 7.1909b 2.0267b 1.2167b

60% 0.4059ab 8.1477a 1.9649b 1.1833b

80% 0.3029c 8.1127a 2.5981a 1.5333a

The mean for each experimental factor in each characteristic which has at least one letter in common are not statistically
significant based on LSD test at 5% level.

The irrigation treatments showed statistically
significant on the plant height, number of leaves, leaf
thickness, aerial fresh yield, leaf fresh weight, gel
weight and gel percent of per leaf exception to the
length and width of leaf (Table 3). At 80% depletion of
available water, plant height (41.14 cm) significantly
declined in comparison to other different water
depletion levels (Table 4). Drought declined the number
of leaves. The most difference in the leaves number was
observed between the field capacity (15.58 numb) and
80 % depletion available water (13.41 No). Aloe vera
leaves diameter reduced with less irrigation as the most
diameter in control treatment (1.39 cm) and the least
thickness in the 80 % DAW (0.83 cm) were observed
(Table 4). Severe water stress at 80 % decreased aerial
fresh yield (0.93 kg), leaf fresh weight (117.11 gr) and
gel weight of each leaf (60.61 gr). However there was
no significant different between the field capacity and
40% level. But 60 % DAW could intensively reduce
these indices. The most gel percent of each leaf was
measured at the rate of 59.37 % in the treatment of 40
% DAW but there was no significant different between
other irrigation treatments (Table 5).
The results of variance analysis (Table 6) showed that
the effects of irrigation treatments on total chlorophyll
content, solution carbohydrate, proline and total soluble
solids were significant (P<0.01). The chlorophyll range
varied from 0.434 mg/g in the 40% treatment to 0.302
mg/g in 80 % (Table 7).

The results indicated that the lowest and highest
solution carbohydrate content was observed in the
treatment of field capacity (5/16 mg/g) and 60 %
treatment (8.14 mg/g), respectively. There was no
significant difference between 60 and 80 % treatments
(Table 7). The Proline content varied from FC
treatment (1.79 µg/g) to 80 % depletion available water
(2.59 µg/g). There was no significant difference
between 40 and 60 % treatments for proline content
(Table 7). The highest total soluble solid was observed
in 80 % treatment (1.5 %) and the lowest in the
treatment of field capacity (0.7 %). There was no
significant difference between the 40 and 60 %
treatments (Table 7).
The interaction effect of salinity and drought on the
plant height, leaves number, aerial fresh yield, leaf
fresh weight and gel weight of each leaf was
statistically significant (P<0.01) while there was no
significant difference in the length, width, thickness and
gel percent of each leaf (table 3). The interaction effect
showed the highest plant was in the field capacity
treatment with control saline treatment (58/66 cm). The
minimum plant height was evaluated in the 40 and 80
% depletion of available water with severe salinity (12
ds/m) where reduced 35 percent. However we can
carefully see that salinity of 12 ds/m had an excessive
effect on the height. As the plant height was decreasing
at the all of the irrigation treatments with severe salinity
in S4 (Fig. 1).
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Fig. 1. Interaction effects of salt and irrigation on
plant height in Aloe vera.

The maximum number of leaves was obtained in
control salinity with field capacity treatment (20 No)
that had significant differences with other treatments.
There after the number of leaves were observed in the
condition without salt with 40% DAW treatment and
salinity 8 ds/m with FC treatment (16.33 numb). The
minimum number of leaves per plant (11.66 No) was
shown at salinity 12 ds/m and FC treatment (Fig. 2).

Fig. 2. Interaction effects of salt and irrigation on
leaves number in Aloe vera.

According to Fig. 3, the most aerial fresh yield was
measured in FC and 40% depletion of available water
with no salt level (2/66 kg); however, it decreased with
increasing of drought in S1. In addition in the treatment
of 4 ds/m saline, the aerial fresh yield improved at 40%
DAW while more droughts led to sharp drop in yield.
The least aerial fresh yield (0.64 kg) was observed at
40% depletion of available water with severe salinity
(12 ds/m) which was about 75 percent lower than the
highest yield. Aerial fresh yield decreased by reducing
amount of water in the treatment of 80% in all salt
treatments (Fig. 3).

Fig. 3. Interaction effects of salt and irrigation on aerial
fresh yield in Aloe vera.

Treatments of FC (293.71 gr) with control salinity
treatment and 40% DAW with 4 ds/m treatment
(263.17 gr) had heavier leaves then other treatments.
The least leaf was belonged to 80% DAW with 8 ds/m
(103.57 g) that caused the decreased leaf fresh weight
up to 65 percent. In the 40% depletion of available
water treatment the salinity of 4 ds/m couldn't decrease
the leaf fresh weight, while the increase of salt
concentration drastically reduced the leaf fresh weight.
In all salinity treatments, irrigation reduction in 80%
resulted in a decrease in leaf weight (Fig. 4).

Fig. 4. Interaction effects of salt and irrigation on leaf
weight in Aloe vera.

The highest gel weight of per leaf obtained at T1
irrigation regime (179.00 gr) with control salinity
treatment. Also there was a heavy gel at 40% depletion
of available water with 4 ds/m treatment (159.63 gr).
The least gel weigh found in the 80% DAW with
salinity equal to 8 ds/m (50.81 gr) that declined gel
weight about 72% in comparison to the highest level
(Fig. 5).
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Fig. 5. Interaction effects of salt and irrigation on gel
weight in Aloe vera.

Based on table 6, the interaction effect of salinity and
irrigation treatments on TSS (P<0.01) and solution
carbohydrate (P<0.05) was statistically significant. The
highest level was observed in 12 ds/m and 80%
depletion of available water (S4-T4) and the least level
in S1-T1 and S2-T1 treatments.

Fig. 6. Interaction effects of salt and irrigation on gel

weight in Aloe vera.

Fig.7. Interaction effects of salt and irrigation on
solution carbohydrate in Aloe vera

The total soluble solid was not changing in the control
salinity treatment by the increased drought but it was
growing in another treatment by the decline in
irrigation. The TSS in the 8 ds/m was highly reduced by
60% DAW (Fig. 6).
Increasing salinity, the solution carbohydrate enhanced.
The highest level of solution carbohydrate was
indicated at the treatment of 12 ds/m with 80% DAW
and the lowest amount in the control salinity with FC
treatment (Fig. 7).

DISCUSSION

Although Aloe vera is a plant adapted to arid
environments, but water deficiency and salinity had
effects on the morphology and physiology traits of the
plant. So this study had investigated the changes in
growth indices such as the plant height, number of
leaves, leaf length, leaf thickness, leaf weight and
weight of the gel produced in the leaves and chemical
changes such as chlorophyll, solution carbohydrate,
proline and TSS. The increased salt concentration
reduced the vegetative growth, yield, gel content and
chlorophyll of aloe plant. The highest decrease was
observed in the S4 treatment (12 ds/m).   the plant
height up to 25%, leaf number up to 22%, leaf length
up to 14%, leaf thickness up to 27% , aerial fresh yield
up to 55%, leaf weight up to 45%, gel weight at per leaf
up to 52% (from 129 gr to 61 gr) declined in
comparison to the control salt treatment. It is worth to
say the lowest salt concentration changed the leaf fresh
weight and the gel content sensible which started to
decrease. Probably this exhibited the effect of salt on
the water aggregation reeducation in the leaves.

Pasternak et al. (1986) and Fuentes et al. (1988)
reported similar results and revealed that leaves and
sprouts reduced with increasing salinity in different
Aloe spp. Mustafa (1995) argued that in Aloe vera,
severe salinity had resulted in reducing in growth
parameters. By increasing salinity stress, the plant
response changed negatively. Results indicated that
aloe plants are not able to tolerate long time salinity
stress while in short time they show some positive
responses (Moghbeli et al., 2012).
Chlorophyll content decreased by about 51 % in severe
salinity. Probably too much salt was involved in
preventing the formation or destruction of chlorophyll.
According to Ueda et al. (2003) the chlorophyll content
in the leaves can be an indicative of stressful
conditions, such as water or salt stress. On the other
hand, increasing salt concentration improved the
amount of total soluble solid, proline and solution
carbohydrate, as the lowest levels were measured in the
treatment without salt.
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Salt increasing up to 12 ds/m enhanced 48 % solution
carbohydrate, 85% proline and 70 % TSS compared to
the control salinity treatment (no salt). Perhaps the
increase of solution carbohydrate and proline
concentration raised the plant resistance to high salinity.
In fact, salinity affects plant metabolism by disturbing
physiological and biochemical processes of plants due
to ionic and osmotic imbalances which results in the
reduction of plant growth and productivity (Munns,
2005). The deleterious effects of salinity on plant
growth are associated with low osmotic potential of soil
solution, nutritional imbalance, specific ion effect, or a
combination of these factors (Ashraf and Harris, 2004).
Sucrose is the predominant transport and storage sugar
at maturity. Results for accumulation of sucrose under
salt stress revealed that sucrose played a role in
lowering osmotic potential. The accumulation of
soluble sugars in plants has been widely reported as a
response to salinity (Murakeozy et al, 2003). Water
stress makes plants respond in morphological,
physiological and biochemical processes. The effects of
irrigation treatments expressed the most difference in
the plant height, leaf number, leaf diameter, aerial fresh
yield and gel weight between control and 80% DAW
treatments. The Severe drought stress intensively
reduced the plant vegetative traits including the plant
height up to 14%, leaves number to 14%, leaf thickness
to 40%, aerial fresh yield to 40%, leaf weight to 38%
and gel weight to 42% in comparison to the field
capacity. Also Yin et al. (2005) reported that the
prolonged low-water period caused the most branches
of plants to fall. Gupta et al. (1995) reported that
drought stress in plants causes their growth rate to fall
and the reduction of the amount of leaves and branches
of the plant takes place by water loss. Also the results
of Rahmani et al. (2008) showed that the reduction of
water in the Calendula officinalis plant led to a
reduction in the plant size and canopy.
Chemical changes were created in plants by the water
stress as with the most severe water restrictions (80%
DAW) total chlorophyll content reduced up to 30% in
comparison to maximum amount. The chlorophyll
pigment is necessary for photosynthesis process and the
most other studies have shown changes in the rate of
photosynthesis related to drought stress. Chylinski et al.
(2007) considered that the total concentration of Chl in
the leaves of Impatiens walleriana significantly reduced
due to stress levels. Water shortage up to 60 and 80%
had similar effects on the amount of gel solution
carbohydrate. In fact these treatments in comparison to
control one increased the gel solution carbohydrate to
57%. This indicated that even 60% treatment increased
the concentration of solution carbohydrate before
application of more stress. Aloe vera plants must have
physiological mechanisms for maintaining internal

water under severe water deficiency. The qualitative
and quantitative composition of the gel of the leaves
surely plays a very important physiological role in the
retention of water, and then in the maintenance of the
water supply for cell synthesis and leaf growth (Del
Viso et al, 2009. Delatorre et al, 2010). Zan et al.
(2007) showed the amounts of total sugars, oligo and
polyfructans in leaves of plants subjected to the water
treatments; all increased with increasing water
deficiency.  Proline and total soluble solids were
measured at the highest level in the severe stress (80%)
where they increased 44 % and 100% respectively. In
the case of Aloe vera, there was an additional synthesis
of specific proteins made by the plant in conditions of
water deficiency (Huerta et al., 2008). One of the
compatible solutes is proline (Pessarakli 2008). It has
been reported that the proline accumulation is a
response to drought (Jia et al. 2002). Also Yamada et
al. (2005) reported when plants experience
environmental stresses, such as drought, high salinity,
and low temperatures, they activate various metabolic
and defense systems to survive. Furthermore, water-
stressed plants synthesize other protector molecules
such as fructans which mitigate the detrimental effects
induced by water deficit. These polysaccharide
molecules are synthesized in plants exposed to very dry
environments, increasing the cellular osmotic pressure
by rapidly releasing oligofructans from the polyfructans
(Van Den Ende et al., 2004). The physiological roles of
fructans have been reinforced by the demonstration that
transgenic plants able to synthesize fructans after
transgenesis became more tolerant to, drought
(Kawakami et al., 2008; Li et al., 2007)
The interaction effects of salinity and irrigation
expressed irrigation levels in the plant height, leaves
number, aerial fresh yield, leaf fresh weight and weight
of gel had different responses to salinity. This means
that with increasing irrigation restrictions and also
rising salt concentration, these factors were reduced,
but the reduction in all treatments was not the same. For
example in 4 ds/m salt concentration, at first increasing
drought by 40 % increased the growth rate and gel
weight which then decreased in the intensity dry
condition. This process was different from other
irrigation treatments. Aliabadi et al. (2009) showed
plants design certain mechanisms to survive under
water scarcity. Increase of drought and salt caused the
soluble sugar to improve however severe drought with
4 and 8 ds/m was resulted in the solution carbohydrate
drop while in the highest saline concentration (12 ds/m)
the solution carbohydrate rose. The amount of total
soluble solid was almost constant in the free salt
treatment while in the high salinity; it improved
gradually by the increased drought.
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CONCLUSION

Due to the importance of the Aloe vera in the
agriculture, medicine and industry and reduction of
water resources, Aloe vera can be used in our schedule.
Intensive drought stress (80%) reduced the growth and
chlorophyll greatly but leads to the increased solution
carbohydrate, proline and total soluble solid. Although
the lack of plant available water results in the cell
plasmolysis and loss of cell turgidity, considering the
suitable condition of 60% depletion of available  water
it is recommended for maintaining the height, number
of leaves, leaf thickness and saving water. An increase
in drought up to 60 % depletion of available water had
a main impact on the decline of leaf weight, aerial fresh
yield and leaf gel so 40% depletion of available water
suggested for getting appropriate yield and gel amount.
Salinity affected many growth factors compared to the
no salt treatment. But with increasing salt
concentration, there was no difference in vegetative
indices between 4 and 8 ds/m application. Hence the
plant growth was probably resistant to this salt
concentration. Even in the leaf weight and the leaf gel
content there were no significant differences between
12 ds/m and less saline treatment which demonstrated
the plant resistance to extra saline conditions. It is
worth to mention that the partial increase of salt
reduced level of chlorophyll and enhanced the solution
carbohydrate, Proline and TSS slowly so the maximum
accumulation of these compounds were found in the
sever salinity (12ds/m). These compounds causing the
osmotic pressure and increase of plant extract
concentration made the plant resistant to high salinity.

REFERENCE

Angelov MN, Sun J, Byrd GT, Brown RH, Black CC.
1993. Novel characteristics of cassava, Manihot
esculenta Crantz, a reputed C3-C4 intermediate
photosynthetic species. Photosynth Res., 38:
61-72.

Anonymous. (2008). FAO.
http://www.fao.org/ag/agl/agll/spush.

Arnon, D.L. (1949). Copper enzymes in isolated
chloroplasts, polyphenol oxidase in Beta
vulgaris. Plant Physiology, 24: 1-15.

Ashraf M, Harris PJC (2004). Potential biochemical
indicators of salinity tolerance in., 166: 3-16.

Ashraf M, Harris PJC. (2004). Potential biochemical
indicators of salinity tolerance in plants. Plant
Science; 166: 3-16.

Bates, L.S., Waldren, R.P. and Tears, I.D. (1973). Rapid
determination of free proline in water stress
studies. Plant Soil, 39: 205-07.

Chartzoulakis K, Klapaki G. (2000). Response of two
greenhouse pepper hybrids to NaCl salinity
during different growth stages. Sci. Hort., 86:
247-260.

Choi SW, Son BW, Son YS, Park YI, Lee SK, Chung
MH. (2001). The wound-healing effect of a
glycoprotein fraction isolated from Aloe vera.
British Journal of Dermatology, 145(4): 535-
545.

Chylinski, K.W., Lukaszewska, A., Kutnik, K. (2007),
Drought response of two bedding plants. Acta
Physiology Plant 29: 399-406.

Del Viso F, Puebla AF, Fusari CM, Casabuono AC,
Couto AS, Pontis HG, Hopp HE, Heinz RA.
(2009). Molecular characterization of a putative
sucrose:fructan 6-fructosyltransferase (6-SFT)
of the cold-resistant Patagonian grass Bromus
pictus associated with fructan accumulation
under low temperatures. Plant Cell Physiol. 50,
489-503.

Delatorre-Herreraa J, Delfinoa I, Salinasb C, Silva H,
Cardemil L. (2010). Irrigation restriction effects
on water use efficiency and osmotic adjustment
in Aloe vera plants (Aloe barbadensis Miller).
Agricultural Water Management. 97: 1564-
1570.

DuBois,M., Gilles, K., Hamilton, J., Rebers, P., &
Smith, F. (1956). Colorimetric methodfor
determination of sugars and related substances.
Analytical Chemistry, 28(3),350-356.

Epsteine E. (1980). Saline culture of crops: a genetic
approach. Science; 210: 399-404.

Eshun K, He Q. (2008). Aloe vera: A Valuable
Ingredient for the Food, Pharmaceutical and
Cosmetic Industries. A review. Pharmaceutical
and Cosmetic Industries Association, http:
//www.informaworld.com (page 2 of 10).

Fuentes V, Rodriguez N, Rodriguez C, Ramos R. (1988).
Salinity tolerance including Aloe arborescens
and other species. Agrotecnia Cuba, 20: 1-6.

Grace OM. (2011). Current perspectives on the
economic botany of the genus Aloe L.
(Xanthorrhoeaceae). S. Afr. J. Bot. 77 (4): 980 -
7.

Grindlay D. Reynolds TJ. (1986). Ethnopharmacol. 16,
117-151.

Gupta SN, Dahlia BS, Malik BPS, Bishnoi NR. (1995).
Response of chickpea to water deficits and
drought stress. Haryana Agriculture University
Journal of Research, 25: 11-19.

http://www.fao.org/ag/agl/agll/spush
www.informaworld.com


Shams, Badi, Zeynali, Sigaroodii and Najafi 527

Huerta C, Freire M, Cardemil L. (2008). Expresión de
los genes hsp70, hsp100 y ubiquitina en plantas
de Aloe barbadensis Miller (Aloe vera)
sometidas a estres térmico e hidrico. XX
Reunion Anual de la Sociedad de Botánica de
Chile, Olmué 25-27 de Septiembre, Annals of
the Congress.

Jia, W.S., Wang, Y.Q., Zhang, S.Q., Zhang, J.H. (2002).
Salt-stress-induced ABA accumulation is more
sensitively triggered in roots than in shoots.
Journal of Experimental Botany, 53: 2201-
2206.

Kawakami A, Sato Y, Yoshida M. (2008). Genetic
engineering of rice capable of synthesizing
fructans and enhancing chilling tolerance. J.
Exp. Bot. 59, 793-802.

Li HJ, Yang AF, Zhang XC, Gao F, Zhang JR. (2007).
Improving freezing tolerance of transgenic
tobacco expressing sucrose: sucrose 1-
fructosyltransferase gene from Lactuca sativa.
Plant Cell Tissue Organ Culture, 89, 37-48.

Maggio, A., Miyazaki, S., Veronese, P., Fujita, T., Ibeas,
J.I., Damsz, B., Narasimhan, M.L., Hasegawa,
P.M., Joly, R.J., Bressan. R.A. (2002). Does
proline accumulation play an active role in
stress-induced growth reduction. Plant Journal
31: 699-712.

Moghaddasi M, Verma SK. (2011). Aloe vera their
chemicals composition and applications: A
review. Int. J. Biol. Med. Res. 2(1): 466-471.

Munns R. (2005). Genes and salt tolerance: bringing
them together. New Phytol., 167: 645-663.

Murakeozy EP, Nagy Z, Duhaze C, Bouchereau A, Tuba
Z. (2003). Seasonal changes in the levels of
compatible osmolytes in three halophytic
species of inland saline vegetation in Hungary.
J Plant Physiol, 60.

Mustafa M. (1995). Physiological Studies on Growth
and Active Constituents of Aloe vera L. Ph.D.,
Floriculture. Zagazig Univ., Fac. Agric., 176:
45-89.

Ni Y, Turner D, Yates K, Tizard. (2004). Isolation and
characterization of structural components of
Aloe vera L. leaf pulp. Int. Immunopharmacol.
4, 1745- 1755.

Rahmani N, Aliabadi Farahani H Valadabadi SAR.
(2008). Effects of nitrogen on oil yield and its
component of calendula (Calendula officinalis
L.) in drought stress conditions. Abstracts Book
of the World Congress on Medicinal and
Aromatic Plants, South Africa p.364.

Reynolds T, Dweck AC. (1999). Aloe vera leaf gel: a
review update. Ethnopharmacol; 68: 3 -37.

Riazi A, Matsuda K, Arslan A. (1985). Water-stress
induced changes in concentrations of proline
and other solutes in growing regions of young
barley leaves. J Exp Bot; 172: 1716-25.

Saccu D, Bogoni P, Procida G. (2001). Aloe exudate:
characterization by reversed phase HPLC and

headspace GC-MS. Journal of Agricultural and
Food Chemistry, 49(10), 4526-4530.

Sepaskhah AR, Akbari, D. (2005). Deficit irrigation
planning under variable seasonal rainfall.
Biosystems Engineering, 92(1): 97-106.

Tubabicer B, Narin Kalender A, Akar DA. (2004). The
effect of irrigation on spring-sown chickpea.
Journal of Agronomy Asian Network for
Scientific Information 3: 154-158.

Ueda, A., Kanechi, M., Uno, Y., Inagaki, N. (2003).
Photosynthetic limitations of a halophyte sea
aster (Aster tripolium L.) under water stress and
NaCl stress. Journal Plant Research 116: 63-
68.

Van Den Ende W, De Coninck B, Van Laere A, 2004.
Plant fructan exohydrolases: a role in signaling
and defense? Trends Plant Sci. 9, 523-528.

Verbruggen, N., Hermans, C. (2008). Proline
accumulation in plants: a review. Amino Acids
35: 753 759.

Walterland NL. Campbell CA, Finer JJ, Jones ML.
(2010). Abscisic acid application enhances
drought stress tolerance in bedding plants. Hort
Science 45(3): 409-413.

Wang, W., Vincoure, B., Altman, A. (2003). Plant
responses to drought, salinity and extreme
temperatures: towards genetic engineering for
stress tolerance. Planta 218: 1-14.

Weng Q, Yang S. (2004). Managing the adverse thermal
effects of urban development in a densely
populated Chinese city. Journal Environ
Management 70: 145-156.

Yagi A, KabashA, Mizuno K, Moustafa SM, Khalifa TI,
Tsuji H. (2003). Radical scavenging
glycoprotein inhibiting cyclooxygenase-2 and
thromboxane A2 synthase from Aloe vera gel.
Planta Medica, 69(3): 269-271.

Yamada, M., Morishita, H., Urano, K., Shiozaki, N.,
Yamaguchi-Shinozaki, K., Shinozaki, K.,
Yoshiba, Y. (2005). Effects of free proline
accumulation in petunias under drought stress.
Journal of Experimental Botany 56(417), pp.
1975-1981.

Yin C, Peng Y, Zang R, Zhu Y, Li C. (2005). Adaptive
responses of Populus kangdigensis to drought
stress. Journal of Plant Physiology 123: 445-
451.

Zan MJ, Chang HW, Zhao PL, Wei JG. (2007).
Physiological and ecological characters studies
on Aloe vera under soil salinity and seawater
irrigation. Process Biochem., 42: 710-714.

Zulini, L., Rubinigg, M., Zorer, R., Bertamini, M.
(2007). Effects of drought stress on chlorophyll
fluorescence and photosynthetic pigments in
grapevine leaves (Vitis vinifera cv. 'White
Riesling'). Acta Horticulturae 754: 289-294.


