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ABSTRACT

An investigation has been carried out to study the production of Proline and Betaine by applying
Abscisic acid (ABA) treatment under NaCl and water stressed conditions. The seeds of four
provenances of Eucalyptus camaldulesnis were obtained from the University of Agriculture,
Faisalabad (Provenance 1), Punjab Forest Research Institute, Faisalabad (Provenance I1), Bio-
saline Research Station-1, Lahore (Provenance IllI) and Bio-saline Research Station-II of
Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad (Provenance 1V). It was
observed that Proline and Betaine accumulation increased significantly in all the provenances
with increase in drought or salt stress, ABA alone and in combination with drought. Provenance
11 and 111 species remained successful in maintaining higher Proline and Betaine accumulation
as compared to Provenances | and IV. From the results it can be concluded that ABA treatment
remains successful in enhancing Proline and Betaine production and maintaining the
physiological parameters necessary to enhance plant growth both under salt and in combination
with drought condition.

1. Introduction

Eucalyptus camaldulensis (Dehn.) plantation is
widespread throughout Pakistan from hilly to marine
climate and work on natural production of osmolytes in
plant is increasing day by day. Glycine Betaine and
Proline production in Eucalyptus under saline and drought
conditions is vital in regulating nutrients movement.
Glycine Betaine and Proline are for the most part vital
organic osmolytes that increase in numerous plant species
as a result to environmental stresses such as salt stress,
drought and severe temperatures, and heavy metals. Not
all plant geneses are capable of normal production or
accretion of these osmolytes in reply to stress. Eucalyptus
camaldulensis is thought to be a producer of Proline and
Betaine that involves in enzymatic bustle and membrane
stability along with adaptive contribution in arbitrating
osmotic tuning in plants grown under stressful
environments. It has been estimated that about every year
120 million tonnes of salts are added to Pakistani land and
only about 20% of this salt finds its ways to the sea [1].
The leftover accumulates in soils and causes continuous
decrease in the development and endurance of crops.
Almost 10% of the entire land area is covered with
different types of salt-affected soils. At present, there are
nearly 954 million hectares of excessive soluble salts
containing soils on the earth's surface which are scattered
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all over the world. More than 80 million hectares of such
soils are in Africa, 50 million hectares in Europe, 357
million hectares in Australasia, nearly 147 million
hectares in Central, North and South America. In the
same way, a large bulk of about 320 million hectares land
in South and South East Asia is under the grasp of
excessive soluble salts [2]. In Pakistan, about 6.30 million
hectares of land are salt-affected of which 1.89 hectare is
saline having electrical conductivity > 4 dS m™ (deci
Siemen per meter) and pH from 7.5 to 8.5. Around 1.85
million hectare is permeable saline-sodic, 1.02 million
hectare is impermeable saline-sodic having electrical
conductivity > 4 dS m™ and pH 8 + 0.5 and 0.028 million
hectare is sodic having electrical conductivity < 4 dS m™
and pH >8.5 in nature. Out of these saline soils (1.89
million hectares), 0.45 million hectares are located in
Punjab, 0.94 million hectares in Sindh and 0.5 million
hectares in Khyber Pakhtonkhwa provinces. The enormity
of the dilemma can be estimated from the fact that the
area of productive land is being damaged, annually by salt
accumulation at a rate of about 40000 hectares [1].

The increasing global demand for timber, fuel wood
and its raw materials necessitates future studies to
optimize utilization of soil resources efficiently and
urgently. These soils have low productivity for
agricultural crops. It appears that considerable scope
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exists to grow trees on adverse land both under dry and
saturated conditions adapting tree based strategies to
productively utilize salt containing waste lands [3]. This
could help rural economics both directly, through the
economically valuable products provided to the local
people (specially firewood and fiber), and indirectly by
helping initiate or advance the land’s environmental
rehabilitation and sustainable agro-redevelopment of
environmental ecosystem in need of innovative attention
and care [4].

Eucalyptus camaldulensis has been identified as a tree
species tolerant to salinity and water logging, and has
more than 85% survival rate under saline soil conditions
[3]. Hence, it is the most successful tree species under a
variety of saline conditions [3, 4]. Eucalyptus has been
planted successfully under a variety of ecological
conditions of Pakistan and its survival in nutrient solution
up to 50 dSm™ in aerobic conditions [5-7] and up to 4
dSm™ in both aerobic and water logged conditions [3, 7,
8] have been reported. In an adaptation trial near
Faisalabad, Eucalyptus camaldulensis performed well in
saline soil for over seven and half years [3, 4]. Literature
is available regarding the salinity and water logging
effects on Eucalyptus camaldulensis [5, 7, 8]. However,
comparatively little information is available on the
combined effect of salinity and drought in spite of
frequent and simultaneous occurrence of these two
stresses in arid and semi arid regions [8, 9]. Salt tolerant
species significantly adapt to salinity by Proline
accumulation [10-13], and the ability of salt-tolerance
depends on salt concentration and plant species [14, 12].

Abscisic acid is an important phytohormone
regulating seed dormancy, germination, seedling growth,
and plant transpiration [15]. In many salt-stressed plants
abscisic acid seems to be involved with the formation of
compatible solutes and the ability of salt tolerance
depends on salts concentration, plant species and plant
variety [11, 12].

Keeping in view the importance of utilization of salt-
affected land, the current project has been conducted to
study the effects of abscisic acid on the production of
Glycine Betaine and Proline in this plant. Different
provenances of Eucalyptus camaldulensis were selected
on the basis of their growth performance under saline
conditions. The research work was aimed to identify
biochemical markers for salt tolerance in Eucalyptus.

2. Material and Methods
2.1  Experimental Site/ Soil Collection:

The work presented in this manuscript has been
carried out in green houses of Nuclear Institute for

Agriculture and Biology (NIAB), Faisalabad. The soil
used in the experiment was collected from the Biosaline

Research Station-Il of NIAB located at Pacca Anna,
Faisalabad.

2.2 Germplasm Collection

Different seed lines or accession of Eucalyptus
camaldulensis (Dehn.) were obtained from the University
of Agriculture, Faisalabad (Provenance 1), Punjab Forest
Research Institute, Faisalabad (Provenance Il), Bio-saline
Research Station-1, Lahore (Provenance Ill) and Bio-
saline Research Station-11, NIAB, Faisalabad (Provenance
1V).

2.3 Raising of Plant Nursery

The nursery of the Eucalyptus seeds was initially
raised in oval shaped plastic tubs (15x30 cm size) filled
with sand. These saplings were then transferred to plastic
bags filled with soil and allowed to grow for further 12
weeks (3 months).

2.4  Treatments

Treatments applied to plants are mentioned in Table 1.
The roots of the seedlings (120 days old) were dipped in
ABA solution (10-6 M) for about 2 h. Plastic pots (10x12
cm) were filled with 4 kg soil. Proline concentrations
(umole/g of fresh weight) of upper 3rd leaves of E.
camaldulensis were measured 10 days before harvesting
(110 days after ABA application to roots) and drought
stress conditions were continued up to the end of
experiment. Moisture levels were maintained by watering
every 2nd day. The experiment was continued for 4
month.

Table 1. Treatments applied to the E. camaldulensis

Treatments Abbreviated as/ Symbol
Control T1
ABA (Abscisic acid) T2
Salt (20 dS m™ with NaCl) T3
ABA+ salt T4
100% F.C (Field capacity) T5
ABA+100% F.C T6
60% F.C T7
ABA+ 60% F.C T8
Salt + ABA+100% F.C T9
Salt + ABA+ 60% F.C T10

The analyses were performed according to the
methods described by U. S. Salinity Laboratory Staff
[16], unless otherwise mentioned. The pH and
conductivity of the soil samples were obtained using a pH
meter (8520, Hanna) and electrical conductivity meter
(LF 538, WTW, Germany) respectively. All the reagents
and chemicals used were from reliable sources and of
high analytical grades. Salinity (20 dS m™) was induced
in soil using NaCl which was mixed well using soil
mixer. Experimental soil was characterized with pH of
saturated soil paste and electrical conductivity of
saturated soil extract. Proline content of leaves was
estimated according to Bates method [17] and Betaine
with method given by Grieve and Gratan [18].
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Table 2. Proline concentration (umole/g of fresh weight) of upper 3" leaves of E.camaldulensis.

Treatment No. Provenance | Provenance Il Provenance Il Provenance IV Mean
T1 0.74 1.16 1.08 0.62 0.90g
T2 1.04 1.25 1.26 0.96 1.10f
T3 6.75 9.33 8.79 5.43 7.58d
T4 7.62 10.05 10.58 6.21 8.62b
T5 0.72 0.94 1.05 0.63 0.84g
T6 1.01 121 1.22 0.97 1.10f
T7 5.91 8.79 7.76 5.66 7.03e
T8 6.81 9.07 9.22 6.91 8.00c
T9 6.52 8.87 8.67 6.44 7.62d
T10 7.80 11.62 10.87 8.51 9.70a

Mean 4.49c 6.23a 6.05b 4.23d

S.E for T=0.024 and for P=0.015 Co-efficient of variation=1.58%
The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

Table 3. Betaine concentration (umole/g of fresh weight) of upper 3" leaves of E.camaldulensis.

Treatment No. Provenance | Provenance Il Provenance 11 Provenance IV Mean
Tl 0.80 0.98 0.90 1.50 1.04h
T2 1.24 1.40 1.52 1.22 1.34g
T3 10.25 17.32 16.80 11.25 13.91d
T4 11.75 18.65 18.42 11.75 15.1b
T5 0.81 0.96 0.85 0.93 1.03h
T6 1.24 1.50 1.50 1.17 1.35g
T7 9.54 15.50 16.20 8.68 12.48f
T8 10.44 16.80 16.55 10.20 13.50f
T9 12.12 17.30 18.21 11.80 14.86¢
T10 13.44 19.26 18.75 12.11 15.89a
Mean 7.16b 10.97a 10.97a 7.06c

S.E for T=0.03 and for P=0.019

Co-efficient of variation=1.14%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

Transpiration and stomatal resistance were measured with
the help of porometer (LI1-1600, Steady State Porometer,
LI-COR, Inc., USA) and water use efficiency was
determined according to method given by Lindroth et al.,
[19]. Plant shoots were kept in oven at 70 °C till attaining
constant weight. The dried plant samples were then
weighed and measurements recorded .The data obtained
were subjected to analysis of variance and mean values
were compared using Duncan’s New Multiple Range Test
[20].

3. Results and Discussion
3.1  Proline Concentration of Leaves

The Proline concentration of leaves was obtained for
all samples and is given in Table 2. From this table it can
be seen that Proline concentration was influenced
significantly by ABA, NaCl and drought and its
accumulation increased in all the provenances with
augmentation in drought stress, salt stress, ABA alone
and in combination with drought. Provenance Il and Ill
had the highest accumulation while Proline concentration
was lowest in provenance IV. Among the treatments T10
(salt+ABA+60% F.C) had maximum  Proline
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accumulation followed by T4 (ABA+ salt), while it was
lowest in T2 (ABA) and T5 (100% F.C). The results
showed that ABA increased Proline accumulation
significantly both under and in combination with stresses
of salt and drought.

3.2.

The Betaine concentrations of leaves were obtained
for all samples studied and are given in Table 3. From this
table it can be seen that Betaine was maximum in T10
(salt+ABA+60% F.C), while T1 (control) and T5 (100%
F.C) showed the lowest accumulation. The means for the
provenances also differ significantly (at P=0.05). The
maximum Betaine accumulation was recorded in
provenances Il and Il and minimum in provenance IV.
The provenances means shows that ABA had stimulatory
effect only under stresses that is why the accumulation of
Betaine was highest in T10 (salt+ABA+60% F.C)
followed by T4 (ABA+ salt), while it was lowest in T2
(ABA) as compared to control. The interaction mean
indicates that Betaine accumulated significantly in all the
provenances with the application of either salt or drought
while ABA further enhanced its accumulation.

Betaine Concentration of Leaves
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3.3  Correlation between Proline and Betaine
concentrations
Proline and Betaine increased in all the plant

provenances with the addition of salt and in drought
conditions. ABA has a significant role in increasing the
accumulation of both organic solutes in all the plant
provenances. Maximum accumulation of Proline and
Betaine was recorded in provenances Il and Il plants at
combined stress of salt + ABA+ 60% FC (T10). Under all
the treatments provenances Il and Il plants maintained
higher Proline and Betaine levels. Proline and Betaine
amounts were enhanced under salt stress [21]. The
increase in Proline is considered to be an index to stress
tolerance and reports indicate that plants with higher
Proline and Betaine concentrations show better osmotic
adjustment in adverse conditions [21, 22]. As
provenances Il and Il plants have higher accumulation of
Proline and Betaine they adjust themselves osmotically in
severe environmental conditions and maintain higher
plant growth [23]. Similar findings have also been
reported [24, 8, 25, 14, 12]. The Proline and Betaine
concentrations obtained are plotted in Figure 1. This
figure shows that Proline and Betaine concentrations
correlate for all provenances and for all treatments
confirming that the same mechanism produces both these
species.
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Fig. 1: Correlation between Proline and Betaine concentrations

3.4.  Augmenting Parameters
3.4.1 Shoot length

The shoot lengths for the samples studied are given in
Table 4. From this table it is clear that ABA has no
marked effect on shoot length but salt treatment has
significantly increased the shoot length and ABA
application made simultaneously with salt also resulted in
decrease in shoot length. At 100% field capacity (FC),
ABA has no effect but at 60% FC, shoot length was more
than the control following ABA application. The
inhibitory effect of ABA was pronounced in the presence
of salt at 60% of F.C. Provenances Ill and IV plants
showed marked increase in shoot length following

different treatments whereas, provenances | and Il plants
showed lesser increase in shoot length. Shoot length is
highest for provenance Il and T3 treatment while it is
lowest for provenance | and treatment T7.

ABA allows plants to continue to grow and reproduce
during periods of low water availability or to survive and
recover from dehydration, but may also have an impact on
crop yield in the context of agriculture [26]. The observed
increase in shoot length due to salt treatment at both
phases (120 days after treatment and at harvest stage)
could be attributed to the stimulatory effect of salt at low
concentration on cell elongation [21]. The reduction in
shoot length under drought stress has previously been
reported [27, 28] and could be attributed to the reduction
in cell division and cell elongation.

Noteworthy, ABA applied alone does not exhibit any
significant effect but in combined treatment with drought
it nullifies the inhibitory effect of drought at both stages.
Perhaps feedback regulation of ABA metabolism operates
and drought induced ABA synthesis is suppressed
counteracting the effect of applied ABA followed by the
simultaneous increase in growth promoting hormones
under ABA and drought treatments [29]. ABA decreased
the promotory effect of salt when applied simultaneously.
Perhaps endogenous ABA production was increased
which enhances the effect of ABA under salt stress [27].

3.4.2 Shoot fresh weight

Shoot fresh weights for the samples studied were
obtained and are given in Table 5. The shoot fresh weight
decreased due to ABA treatment but was greater than
control after salt addition. ABA used in the presence of
salt further augmented the stimulatory effect of salt. ABA
was stimulatory at 60% FC but was inhibitory at 100%
FC. In the presence of salt, ABA significantly increased
the fresh weight of shoot as compared to control at 100%
FC and ABA partially overcame the inhibitory effect of
drought on shoot. Provenances Ill and IV plants showed
marked increase in shoot fresh weight following different
treatments whereas, provenances | and Il plants showed
lesser increase in shoot fresh weight. Shoot fresh weight
is highest for provenance Ill and T9 and T4 treatments
while it is lowest for provenance | and treatment T7.

3.4.3 Shoot dry weight

Shoot dry weights for the samples studied were also
obtained and are given in Table 6. It shows that shoot dry
weight also decreased in ABA treatment but salt treatment
has stimulatory effect. ABA in the presence of salt has
minimized the stimulatory effect of salt when used alone.
ABA was effective only at 60% FC but at 100% FC it
was inhibitory. In the presence of salt, ABA was
stimulatory at 100% F.C. Shoot dry weight is highest for
provenance IV and T3 treatment while it is lowest for
provenance Il and treatment T7.
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Table 4. Shoot length (cm) of E. camaldulensis measured at harvesting time

Treatment No. Provenance | Provenance Il Provenance IlI Provenance IV Mean
Tl 83 78 131 64 89.08b
T2 62 85 105 105 89.41b
T3 84 94 102 102 95.50a
T4 88 86 101 76 87.75b
T5 83 78 131 64 89.08b
T6 62 85 105 105 89.41b
T7 67 85 96 72 80.16d
T8 63 101 95 101 89.75b
T9 88 86 101 76 87.75b
T10 98 64 109 62 83.41c
Mean 77.87c 84.10b 107.67a 82.90b

S.E for T=0.71 and for P=1.42

Co-efficient of variation=2.79%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

Table 5. Effect of salinity, ABA, and drought stress on shoot fresh weight (g) of E. camaldulensis at the time of harvesting

Treatment No. Provenance | Provenance Il Provenance 11 Provenance IV Mean
T1 28 13 55 31 31.96¢
T2 24 35 30 28 29.37d
T3 35 33 40 41 37.16b
T4 26 27 51 55 40.01a
T5 24 35 30 28 31.96¢
T6 24 35 30 28 29.37d
T7 31 23 28 20 25.51e
T8 30 29 32 37 32.14c
T9 26 27 51 55 40.01a
T10 41 17 47 13 29.47d
Mean 29.46e 25.69d 42.63a 33.99b

S.E for T=0.57 for P=0.36

Co-efficient of variation=6.02%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

Table 6. Effect of salinity, ABA, and drought stress on shoot dry weight (g) of E. camaldulensis.

Treatment No. Provenance | Provenance Il Provenance 11 Provenance IV Mean
Tl 13 5 24 14 14.03c
T2 8 16 15 13 12.73d
T3 14 15 21 17 17.09a
T4 10 12 21 19 15.66b
T5 13 5 24 14 14.03c
T6 8 16 15 13 12.73d
T7 12 11 12 9 11.08f
T8 7 13 15 16 13.08d
T9 10 12 21 19 15.66b
T10 18 7 21 2 12.00e
Mean 11.47c 11.82d 19.70b 13.67a

S.E for T=0.15 for P=0.09

Co-efficient of variation=3.67%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

3.4.4 Root fresh weight

Root fresh weights for the samples studied were
obtained and are given in Table 7. Root fresh weight
decreased due to ABA treatment but was higher in salt
treatment. ABA in combination with salt maintained
increase in root fresh weight. At 100% FC, ABA was
inhibitory. At 60% FC, ABA overcame the marked
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reduction in root fresh weight as compared to that of ABA
application made alone. Salt treatment showed
stimulatory effect both at 100% FC and at 60% F.C but
the magnitude of stimulation was greater at 100% FC.
Root fresh weight is highest for provenance Ill and T4,
T3 and T9 treatments while it is lowest for provenance 11
and treatment T7.
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Table 7: Root fresh weight (g) of E. camaldulensis measured at harvesting stage

Treatment No. Provenance | Provenance Il Provenance 11 Provenance IV Mean
Tl 8 4 39 9 15.27b
T2 9 14 17 6 11.82e
T3 18 19 21 19 18.95a
T4 22 4 26 24 18.74a
T5 8 4 39 9 15.27b
T6 9 14 17 6 11.82e
T7 13 10 8 5 9.18f
T8 16 10 17 8 12.9d
T9 22 4 26 24 18.74a
T10 24 7 22 6 14.57c
Mean 14.94b 9.18d 23.27a 11.69c

S.E for T=0.71 and for P=0.44

Co-efficient of variation=2.79%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

Table 8. Effect of salinity, ABA, and drought stress on root dry weight (g)

Treatment No. Provenance | Provenance Il Provenance 11 Provenance IV Mean
Tl 17.01 0.61 15.57 0.59 8.44a
T2 16.71 5.49 6.13 2.10 7.60c
T3 6.12 6.70 7.53 7.08 6.95d
T4 8.03 1.00 9.16 9.35 6.88d
T5 17.01 0.61 15.57 0.59 8.44a
T6 16.71 5.49 6.13 2.10 7.60c
T7 17.06 3.93 2.10 1.44 6.13e
T8 18.91 3.42 6.80 2.76 7.97b
T9 8.03 1.00 9.16 9.35 6.88d
T10 9.72 1.27 8.36 154 5.22f
Mean 13.53a 2.95d 8.65b 3.69c

S.E for T=0.07 and for P=0.04

Co-efficient of variation=3.58%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

3.4.5 Root dry weight

Root dry weights for the samples studied are given in
Table 8. Root dry weight decreased both due to salt and
ABA either used alone or in combination. ABA alone was
stimulatory and overcame the inhibitory effect of 60% FC
but the value was still less than the control but in the
presence of salt the fresh weight was markedly lower both
at 60% and at 100% FC, though the magnitude of
inhibition was greater at 60% FC. Root dry weight is
highest for provenance | and T1 and T5 treatments while
it is lowest for provenance Il and treatments T10 and T7.

3.4.6 Shoot and root weight analysis

In the presence of salt, ABA was not inhibitory to
shoot fresh weight or dry weight. Combination of two
stresses, i.e., salt and drought had not modulated ABA
effect on shoot fresh and dry weight for ABA applied,
simultaneously. ABA-induced decrease in shoot dry
weight was greater than that of root dry weight, when
ABA was used alone but in the presence of drought
conditions the root dry weight further decreased as
compared to drought or when ABA treatment was made
alone. This may possibly be due to the endogenous

production of ABA in roots under drought stress, which
have added to the effect of ABA and have inhibited the
dry matter accumulation and translocation [27, 30, 31].

The observed decrease in root fresh weight as well as
dry weight and shoot fresh weight and dry weight
following ABA application as well as drought treatment
may be a consequence of ABA inhibition of cell division,
cell expansion as well as inhibition of water and nutrient
uptake as has previously been reported [31-33]. In Figures
2 and 3 the fresh and dry weights of shoots and roots are
plotted respectively. From these figure it can be seen that
the drying process does not contribute to the shoot weight
while it does for the root weight.

Addition of ABA has no significant effect on the
response of salt to plants but under the combined stress of
both salt and drought conditions ABA increased the root
fresh weight but decreased the root dry weight. There
were significant differences among the provenances as
well in ABA response. There was marked reduction in
shoot dry weight of provenance | plants due to ABA and
ABA+ drought but the root dry weight was less affected.
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The provenance 1l plants showed marked increase both in
root and shoot dry weight following different treatments
whereas, provenances Il and IV plants showed lower
decrease in shoot dry weight but their behavior was not
consistent with respect to root dry weight under drought
stress inhibited dry matter accumulation [31, 34].

3.5 Transpiration (zg cm?s™)

Transpiration was measured with the help of
porometer (LI-1600, Steady State Porometer, LI-COR,
Inc, USA) and the data obtained are given in Table 9.

9
85 *
] y=-0.01x + 7.42
8 * R?=0.00
3 75 - 4
g ,| ——————
g L
> 65 -
2
S ¢ @
o
[}
€ 55 -
g *
$ s
45 -
4
8 10 12 14 16 18 20

Mean Root Fresh Weight (g)
Fig. 3: Correlation between root fresh to dry weights

Transpiration was significantly influenced by NaCl, ABA
and drought stresses. Maximum transpiration was
recorded in the control and was lowest in T10 under the
combined treatment of salt, drought and ABA.
Transpiration is highest for provenance Il and T5
treatment while it is lowest for provenance | and
treatment T10. The differences between T1 (control) and
T5 (100% FC) were not significant and all other
treatments differed significantly. In T4 (ABA+ salt) and
T9 (salt +ABA+ 100% FC) transpiration was reduced and
provenances differed significantly.

Table 9. Transpiration (ug cm?s™) of upper 3 leaves of E. camaldulensis

Treatment No. Provenance | Provenance Il Provenance Il Provenance IV Mean
T1 5.7 4.9 5.6 7 5.77a
T2 35 42 4.4 3.9 3.99¢c
T3 4.4 3.7 3.7 3.7 3.88d
T4 2 3.6 3 2.2 2.68f
T5 5.7 4.9 5.6 7 5.77a
T6 4.3 4.7 45 3.8 4.32b
T7 19 3.7 3.2 2.9 2.92¢
T8 1.2 3.2 3.0 15 2.23g
T9 2.1 3.6 2.6 2.4 2.67f
T10 1.2 2.6 2.3 1.3 1.83h
Mean 3.20d 3.92a 3.77b 3.52¢

S.E for T=0.042 and for P=. 027 Co-efficient of variation=4.03%
The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

3.6  Stomatal resistance of leaves (cm s™)

Stomatal resistance was measured with the help of a
porometer and the data obtained are given in Table 10.
Leaf stomatal resistance was significantly affected by
NaCl, ABA and drought. Leaf stomatal resistance
increased with increase in drought and salt stress.
However, application of ABA reduced the leaf stomatal
resistance to some extent. But under severe condition it
failed to do so. Stomatal resistance is highest for
provenance | and T10 treatment while it is lowest for
provenance Il and treatments T1 and T6. Highest leaf
stomatal resistance was observed in T10 (salt+ABA+60%
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FC) followed by T8 (ABA+ 60% FC) and T4 (ABA+
salt). Minimum leaf stomatal resistance was obtained in
T1 (control), T9 (salt +ABA+ 100% F.C), T7 (60% FC),
T3 (salt), T2 (ABA) and T6 (ABA+ 100% F.C)
Comparing provenances, the lowest leaf stomatal
resistance was maintained in provenance Il plants while
provenance | plants had maximum leaf stomatal
resistance. The value for leaf stomatal resistance in all
provenances differed significantly. Provenance Il plants
maintained the lowest leaf stomatal resistance.
Measurements (3 leaf stage) were made 10 days before
harvesting.
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Table 10. Stomatal resistance (s cm™) of upper 3" leaves of E.camaldulensis

Treatment No. Provenance | Provenance Il Provenance 11 Provenance IV Mean
T1 5.9 6.8 6.1 4.3 5.78i
T2 10.8 7.2 8.5 9.5 8.98¢
T3 6.6 11 10.8 10.0 9.59f
T4 15.8 10.6 12.2 17.8 14.10e
T5 5.9 6.8 6.4 4.2 5.79i
T6 10.7 7.6 7.3 10.2 8.75h
T7 17.1 105 124 17.3 14.32d
T8 194 12.2 14.6 19.1 16.33b
T9 19.3 11.8 12.1 17.3 15.11c
T10 22.4 16.2 175 21.5 19.41a
Mean 13.39a 9.99d 10.78¢ 13.10b

S.E for T=0.065 and for P=. 041 Co-efficient of variation=1.90%
The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

Stomatal resistance (Table 10) increased for all 9
treatments used. It is evident from the present
investigation that plants from provenances | and IV had
less while provenances Il and Il had higher stomatal
resistance. The responses of provenances | and Il plants
were greater with ABA and drought and showed much
higher increase in stomatal resistance as compared to
provenances Il and I1l. Under drought environment the
wheat variety (Sarsabz) maintained higher stomatal
resistance as compared to the variety "Barani 83" and
produced higher biomass [35]. However, in provenances
Il and Il the reduction in stomatal resistance was
observed under salt stress and more so when ABA used
under the combined stress of salt and drought. Drought
and salt were reported to decrease stomatal conductance
and transpiration by many scientists under combined
stress of salt and drought conditions [36, 33, 37, 38].

The higher stomatal resistance in provenances Il and
Il plants are reflected in their lower rate of transpiration
(Table 9). The interplay between hydraulic and non
hydraulic signals from root to shoot has appeared in
several investigations [39, 40, 41, 31]. It is noteworthy
that the tolerant provenances Il and IIl plants showed
further increase in stomatal resistance in response to salt
stress but decrease in transpiration in response to salt
stress. The magnitude of increase in stomatal resistance
and decrease in transpiration was less in response to ABA
treatment in provenances 1l and 111 plants indicating their
relative tolerance. Transpiration and stomatal resistance
are plotted against each other in Figure 4. These
parameters anti-correlate as the increase in one results in
the decrease of the other.

3.7 Water use efficiency(WUE)

Water use efficiency (WUE) was determined
according to method given by Lindroth [19] and given in
Table 11. WUE of the plants significantly decreased due
to NaCl and ABA addition and drought conditions. WUE
is highest for provenance Il and T2, T6 and T8 treatments
while it is lowest for the remaining provenances and

treatments T3 and T4. Maximum (0.87 g kg™) WUE was
observed in T2 (ABA), T6 (ABA+100%F.C) and T8
(ABA+drought). ABA treatment enhanced WUE alone
and under drought condition but it failed to do so under
saline condition. Minimum WUE was recorded in T4
(ABA+salt), T3 (salt) and T9 (ABA+salt+100% F.C). All
the treatments varied significantly except that of T3, T4
and T9, which have similar values for WUE. On the
whole provenance Il plants performed better.

*

16

14

12 y=-3.23x + 23.53

2 =
10 . R2=0.94

Mean Stomatal Resistance (s/cm)

1 2 3 4 5 6 7
Mean Transpiration (pg/cm?Z.s)

Fig. 4: Correlation between transpiration and stomatal resistance

WAUE significantly increased with ABA but drought
and salt treatments showed decrease in WUE in all plant
provenances. However, maximum WUE was recorded in
provenance Il plants under ABA addition alone and in
combination with drought conditions. Similar results have
also appeared in woody crops [42] and in grasses [43].
The soil water and nutrients status can be sensed by roots
and communicated to the shoots by changes in the
concentration and flux rate of ABA in the xylem sap.
Shoots may respond to the signal by a reduction in
stomatal transpiration and growth rate [35, 31, 29, 33].
Results clearly indicate that ABA in combination with
drought further augmented WUE but under saline
conditions ABA failed to do so which may be due to the
ion toxicity and osmotic imbalance created by salt stress
and osmotic imbalance from ion accumulation in Atriplex
griffithii [8].

95



T.M. Qureshi et al. / The Nucleus 52, No. 2 (2015) 88-97

Table 11: Water use efficiency (g kg™) of plant of E. camaldulensis

Treatment No. Provenance | Provenance 1l Provenance IlI Provenance IV Mean
Tl 0.65 0.67 0.62 0.65 0.65b
T2 0.86 0.91 0.86 0.86 0.87a
T3 0.19 0.19 0.17 0.17 0.18e
T4 0.19 0.17 0.15 0.16 0.17e
T5 0.65 0.67 0.67 0.67 0.67b
T6 0.86 0.91 0.86 0.86 0.87a
T7 0.53 0.60 0.57 0.51 0.55¢
T8 0.83 0.88 0.87 0.84 0.86a
T9 0.19 0.18 0.16 0.16 0.17e
T10 0.37 0.41 0.38 0.35 0.37d
Mean 0.50b 0.52a 0.49b 0.49

S.E for T=0.074 and for P=0.005

Co-efficient of variation=4.48%

The letters in the mean column indicate order of magnitude with a being the highest and g being the lowest.
Moreover mean values with same letters are not significantly different at P< 0.05

4. Conclusion:

Glycine Betaine and Proline production in Eucalyptus
under saline and drought conditions is imperative in
regulating nutrients movement. These are important
organic osmolytes that can rise in Eucalyptus plant
species as a result to NaCl and drought stresses. In this
study it was found that provenances Il and 111 plants were
more successful in maintaining higher Proline and
Betaine accumulation than provenances | and IV plants. It
can be concluded that salt-affected soil of Pakistan (i.e.
about 6 million ha') can be utilized by planting
Eucalyptus, which can enhance its survival more than
85% through production of these osmolytes.
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