Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 3, Issue 2 (2016) ISSN 2349-1523 EISSN 2349-1531

In Vitro Selection of the Sunflower (Helianthus Annuus L.)
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Stress Conditions

HumeraRazzag, M. Hammad Nadeem Tahir, Hafeez Ahmad Sadagat and Bushra Sadia

Abstract—Responses of the sunflower accessions to
Polyethylene glycol (PEG-6000) mediated drought stress was
examined in vitro culture wunder triplicate completely
randomized deign. Three drought treatments i.e. T;= Zero
(Control), T,= -0.35 MPa and T,;= -1.33 MPa were developed.
Seeds of the accession were grown on half strength MS media
and three explants (leaf, stem, coleoptiles) were used for the
callus culture. Stress was applied at the time of the media
preparation for callus. Fifty petri plates of each accession were
prepared and divided into two groups (Group I, Group II)
containing 25 plated each. Petri plates of Group | were
maintained for callus culture while of Group Il were used for
regeneration. Data were recorded from these groups on the traits
i.e. relative fresh weight (g), proline content (ug), relative
membrane leakage (ug), total soluble sugar contents (ug),
coleoptiles length (mm), root length (mm), root count, fresh and
dry root weight (g) and fresh and dry shoot weight (g). On the
basis of the above parameters, the accessions A-23 and HBRS-1
were drought tolerant and 017577 as drought sensitive. In
addition, the results of this study illustrate the potential of using
in vitro culture for evaluation of drought tolerance at cellular
level.
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.  INTRODUCTION

Sunflower as an oilseed crop is becoming popular and it
contributes globally about 87% in vegetable oil [1] so, it is
considered as economically important crop in all over the
world. But unfortunately unequal distribution of the rainfall
and water shortage during its growing season has severe
reduction in achene [2] and also in oil yield [3]. There are
certain stages at which plants are badly affected by the
drought such as germination, seedling and flowering [4]. Seed
germination is the more critical and sensitive stage so, when
this stage faces drought, seeds have to compromise for the
establishment of the seedlings [5]. Germination percentage
decreases and its time increases by increasing the drought
levels [6], [7]. It had adverse effects at germination and
seedling stage in sunflower [8] as well as in wheat [9] sugar
beet [10] and sorghum. Therefore it is the need to grow
drought tolerant cultivars which can express their full yield
potential even under severe water scarcity.Selection of
drought tolerance accessions from the available germplasm is
the basic step to develop the drought tolerant varieties or
hybrids.
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Plant breeders have used various selection methods to
screen the drought tolerant accessions and also those traits
which contribute in its tolerance. But uncontrolled conditions,
heterogeneity in soil, huge amount of plant material, time and
labour make the screening experiments more difficult. Hence
laboratory experiments are more reliable and easy to conduct
as compared to field trials. In laboratory, we have to create
artificial drought stress. Polyethlylene glycol (PEG-6000) can
be used as drought stimulator as it is considered as non-
penetrable, harmless and best way to create the drought stress
condition.The objectives of this study were to estimate the
genetic variability and also determine the effect of
Polyethylene glycol as drought stimulator in sunflower
accessions.

Il.  MATERIAL AND METHODS

This study was carried out at the Somatic Cell Genetics
Laboratory, University of Agriculture, Faisalabad.Sixteen
sunflower accessions (A-75, A-79, A-48, A-23, G-61, G-33,
HBRS-1, 017583, 017592, 017566, HA-341, HA-342, HA-
133, HA-124, CM-621 and 017577) were collected from the
Department of Plant Breeding and Genetics, University of
Agriculture, Faisalabad. Experiment was laid out under
triplicate Complete Randomized design under factorial
structured treatments.

IN VITRO CULTURE— Thirty achenes of each selected
drought tolerant and sensitive accession were sterilized
following method proposed by [11], [12].Achenes without
pericarp were surface sterilized in 70% ethanol for 3 minutes,
soaked for 20 minutes in 5% sodium hypochlorite solution
with 0.01% (v/v) tween-20 and rinsed five times in sterilized
double distilled water.Half strength MS medium [13] was
prepared.

Seed culture—Three sterilized seeds of each accession were
cultured in three test tubes per replication. Each test tube was
wrapped with clean film tape by using the proper rubber band
and these cultured seeds were placed again in growth room for
germination. Each test tube was observed daily for
germination.

Callus culture— From two days old seedlings, three explants
(leaf, stem and coleoptiles) of each accession per replication
were used for callus culture. Total 50 petri plates of each
accession were prepared using full strength MS medium [13]
with prerequisite supplements for callus culture [11], [12] i.e.
1-Naphthly acetic acid (5.4 pM), Benzyl aminopurine (4.4
pUM), KNOj3 (50 pM), Myoinositol (1 uM), Casein hydrolysate
(5 pM) and 5.6 pH was maintained.
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Stress application— After 21 days of callus induction,
fresh weight of callus from each petri plate per entry was
weight by using the (Setra-SB4 105). After this, three
treatments of PEG-6000 mediated drought stress i.e. O
(control), -0.35 and -1.33 MPa were applied at the time of
media preparation for sub culturing of callus. These 50 plates
of each accession were divided into two groups, Group | and
Il, containing 25 plates each. Petri plates of Group | were
maintained for callus culture while of Group Il were used for
the regeneration. After 14 days of treatment application,
following parameters were recorded from Group .
1.Relative fresh weight— Fresh weight of callus from each
petri dish per treatment per replication was measured in grams
using weighing balance (Setra-SB4 105) after stress induction.
Relative fresh weight of callus was calculated by following
formula:Relative fresh weight of callus = (W¢ W;)/ W;

W; = Fresh weight of callus after stress applicationW; = Fresh
weight of callus before stress application

2. Proline content— Freeproline content was measured
spectrophotometrically according to the method of Bates[14].
3. Relative membrane leakage— Calli clumps were used for
the determination of relative membrane leakage. Membrane
damage was determined in terms of relative electrolytic
leakage (REL) according to the method of Sullivan [15]. The
REL was calculated as: REL= (EC;/EC,) x 100

4. Total soluble sugar contents— Total soluble sugar contents
(TSS) were estimated following the anthrone method of
Watanabe [16].

Regeneration from induced callus— Induced callus
culture of Group 11 (25) were shifted to the regeneration media
and kept in growth room at 25+1°C under 16 h light/8 h dark
cycle with a light flux of 80 pmol m™ s™. Following traits
were recorded from Group Il after 21 days of treatment
application in media of callus subculture.

Coleoptile and root length of each accession per treatment
per replication was recorded in millimeter. Number of roots
was counted of each accession from each treatment per
replication.Fresh root and weight of each accession per
treatment per replication was measured and then dried at 70°C
in oven for one hour and weighed with weighing balance
(Setra BL-410S) in grams.The recorded data was subjected to
analysis of variance following by Steel et al. [17]

Polyethylene glycol induced drought stress significantly as
interaction of accessions and PEG concentration was
significant (Table 1). It suggests that PEG can be further used
to create the drought stress as it caused the osmotic stress [18],
[19]. In this research work PEG-6000 was used as drought
stimulator as many scientists used it to induce the osmotic
stress [6], [20] in growth room studies. Accessions and
treatments had significant differences for all the studied
parameters, which show that each accession behaves
differently at the each treatment.

Polyethylene glycol (PEG-6000) induced water stress,
significantly reduce the coleoptiles length. Coleoptile lengths
were significantly decreasing by increasing the PEG
concentration, trend was almost similar in drought tolerant and
sensitive sunflower accessions. The accession A-23 had
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maximum coleoptiles length (5.8 mm) under theT,;, 017566
had maximum (0.6 mm) under the T, and HBRS-1 had
maximum (0.3 mm) under Ts. While the accession HA-342
had minimum coleoptile length (0.133 mm) under T,, while
017577 had (0.133 mm, 0.1 mm)under the T, and Tj
respectively. The decrease in coleoptiles length may be due to
the osmotic regulation which enables them to maintain cell
turgor pressure to help growth under the severe stress
conditions. The variability in the decreasing trend of
coleoptiles length indicates the genotypic variability under the
PEG mediated drought stress conditions. Decrease in
coleoptiles length was also reported in wheat [21], [22], [23],
[24] in sorghum.

In the case or root length, sunflower accessions behave
differently. As highest root length was observed at maximum
PEG concentration in most of the accessions except A-79, A-
48, G-61, 017583 and 017579. The accession G-61 maintained
its root length under the T, i.e. 3 mm while 017583 (1.17 mm)
under T, and G-33 (1.533 mm) under T3.The accession CM-
621 had the lowest root length in T1 (0.1 mm), 017577 (0.13
mm) under T, and HA-124 (0.133 mm) under T3. Response of
root length under drought stress conditions varies, as
sometime in limits its growth due the unavailability of water
and sometime in increases its growth to enhance the water
spendors[25]. Root growth directly links to the drought
tolerance as it is closely related to the uptake of the water.
Tolerant accessions must have the highest and robust root
growth in comparison to sensitive accessions. Severe
reduction in root length is observed in cereals [26], [27].

Trend in the number of roots were different in all the
accessions, overall accessions showed the maximum number
of roots at the highest PEG concentration.Trend was genotype
dependent. Overall among the studied accessions, 017583,
HA-341 and A-48 maintained the root count under the T, T,
and T respectively i.e. 6, 5, 6. Minimum root counts were
observed in the accessions HA-133 (2) under Ty, 017579 (2
and 1) under T, and Tsrespectively. The ability to maintain the
number of roots in sunflower accession indicates the drought
tolerance. Drought stress conditions favours the lateral roots
particularly in seedlings [28]. In this experiment increase in
number of roots may be due to enhance the water uptake under
PEG mediated water deficit conditions. Roots numbers were
also increased in sugarcane on culture media supplemented
with the PEG concentrations [29].

Root dry weights were significantly decreasing by
increasing the PEG concentrations. As the accession HBRS-1
had maximum root dry weight (40.98 g) under T, G-61 (0.73
g) under T, and 017583 (0.73g) under Tz While the
accessionHA-133 showed the minimum root dry weight (2 g)
under T, and 017579 had (2.33g and 1.6 g) under T, and Ts.In
case of shoot dry weight trend was almost similar to the root
dry weight so, by increasing the PEG concentrations, shoot
dry weight was decreasing. The accessions A-48 maintained
the shoot dry weight (0.5667 g)under T, 017579 (0.467g)
under T, and A-79 (0.1) under Ts.While minimum shoot dry
weight value was observed in the accession HA-342 (0.103 g)
under T;, HA-124 (0.09 g) under T, and CM-621 (0.07 g)
under Ts. Reduction in shoot length is mostly linked to the
drought tolerance in cereals [30].Shoot dry weight is reduced
mainly due to the increase portioning of solutes in roots as a
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mean of osmotic regulation [31], [32]. Decrease in shoot
weight is common behavior of the plants under moisture
deficit condition [33], [34]. When plants face stress condition,
they start to accumulate some kinds of organic and inorganic
solutes in their cytosol to maintain the osmotic pressure and
maintain the both turgor and driving gradient for water uptake.
Resources accumulate in the roots rather than the shoot under
mild stress condition.

Relative fresh weight of callus was decreasing by increasing
the PEG concentrations. The accessions A-23 had the
maximum relative fresh weight of callus (6.33 g) under T, A-
48 under T, (8.66 g) and A-79 under T; (7g).The lowest value
of relative fresh weight of callus was observed in the
accession CM-621 (-6.21g, -0.33 g, 0 g) under Ty, T, and T3
respectively. The reduction in callus growth may be due to the
fewer uptakes of nutrients under limited water stress
conditions [35] and consequently the injury of cell membrane
which is also measured in thus study [36], [37].

Accumulation of osmoticum is an indication of oxidative
damage which provides protection to cytosol from dehydration
and maintains turgor pressure. In the presence study proline
contents were increasing by increasing the PEG mediated
drought stress. The accession HA-133 had the maximum
proline contents (0.423 pg, 0.53 pg) under the T; and T;
respectively. While the accession 017577 had maximum
proline contents i.e. 0.567 under T, The accession G-33 had
the minimum proline content (0.10 pg) under T;, HA-341
(0.1021 pg) under T, and HA-124 (0.1468 pg) under Ts.
Proline contents act as the osmotica in the presence of water
scarcity and play a major role in the maintenance of osmotic
balance [38] which is higher in drought tolerant species rather
than the sensitive. Similarly accumulation of proline is also
observed in many other species under stress conditioned.

Trend mean values of total soluble sugar contents were
almost similar to the proline contents. The accession A-75
maintained the total soluble sugar contents (0.735 pg, 0.739
Mg) under T; and T, while G-61 (0.53 pg) under Ts.The
minimum accumulation of the proline contents was observed
in accession 017577 (0.365 pg) under T, and HA-342 (0.265
Mg, 0.1239 pg) under T, and Tsrespectively. Accumulation of
the total soluble sugar contents also imparts the osmotic
adjustment of cells under stress conditions. Sugar contents
also observed in P.euphratica[16], [34].

Relative membrane leakage was higher by inducing the
PEG mediated drought stress. The accession HA-123 had the
lowest relative membrane leakage percentage (0.2133%) at the
T1, HBRS-1 (0.49%) at T,and G-33 (0.265%) at T3 Highest
percentage value is observed in 017577 (0.64 %, 0.512%) at
Ty and Tarespectively, HA-124 (0.703%) at T,.A progressive
increase in relative membrane leakage was observed by
increasing the PEG mediated drought stress [37] as well as in
callus culture of sugarcane [35] and tobacco. Membrane
leakage suggests the leakage of electrolyte outside the cell and
reduction in growth as well as water content of the cell.On the
base of the above studied parameters, the accessions A-23 and
HBRS-1 are drought tolerant followed by A-75, A-48 and
017583. The accession 017577 is drought sensitive followed
by CM-621 and HA-124.

Further the results of this study illustrate the potential of
using cell and tissue culture for evaluation of drought
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tolerance at cellular level, since responses are relatively fast,
the generation time are short, and the environment is
controlled.
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TABLE :I Mean square values from analysis of variance for studied traits in sunflower accessions under PEG-6000 stimulated
drought stress conditions

Sov DOF | CL |RL RC | RDW (g) | SDW (g) | RFWC (g) | PC (ug) | TSS (Mg) | RML (ng)
(mm) | (mm)
Accessions (A) | 15 | 2.01* | 0.88* | 4* | 0.15* 0.19% 23.3* 0.06* | 0.07* 0.04*
Treatments (T) | 2 9.94* | 8.49% | 2* | 1.39* 0.17* 43.9% 0.33* | 0.08* 4.17%
AxT 30 | 1.72* | 0.365* | 3* | 0.07* 0.04* 17.96 0.06* | 0.05* 0.06*
Error 94 | 1.64* | 0.084* | 3* | 0.04* 0.02* 4.82% 0.04* | 0.04* 0.34*
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