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ABSTRACT

Using low quality or salty water in medicinal and ornamental plants irrigation is expected in the near
future because of the diminishing fresh water sources and the rapid growth of populations. One of the major
abiotic stresses is salinity, which leads to alterations in morphological, physiological, biochemical, and
molecular features and consequently affects plant development and profitability negatively in arid and semiarid
regions. In the coming 25 years, it is predicted that salinization will decrease cultivated lands to 30% and
probably to 50% by 2050. This study was performed in the tissue culture lab of Antoniades Gardens,
Alexandria; HRI- ARC in 2013-2015 to investigate the in vitro regeneration capability of Petunia hybrida on
four medium protocols using three different explants(leaf base, internode and cotyledon), in order to enhance the
in vitro tolerance of petunia plants to salt stress using NaCl. The explants were cultured on MS medium
supplemented with different concentrations and combinations of plant growth regulators (BAP and NAA).
Results showed that the highest percentage of callus induction (100%) from internodal segments cultured on MS
supplemented with 0.5 mg/l BAP. The ir vitro derived calli subcultured for shoot regeneration; whereas, MS
with 2.0 mg/IBAP gave the highest frequency of shootlets (37.0) compared to the intermodal- derived calli. In
addition, an in vitro selection procedure was developed to enhance petunia salt resistance. NaCl was added
directly to the above - mentioned medium at eight different concentrations (20, 40, 60, 80, 100, 120, 140 and
160 mM). However, doses above 80 mM were found to be lethal. All morphogenetic characters were inversely-
proportional to the salt concentration except proline content which was directly proportional with salt
concentration as an indication for increasing P. hybrida salt resistance. The in vitro raised shootlets were
subcultured on half strength MS augmented with 1.0 mg/l IBA for root formation. Rooted plantlets were
transferred to the greenhouse for acclimatization, then to the field until flowering. In conclusion, the best in vitro
propagation protocol of Petunia hybrida could be done by culturing internodes (Ez) on MS + 0.5 mg/l BAP
(M>). Since it showed good tolerance towards salinity up to 80 mM via inducing 6 folds more of proline than the
control treatment. It is recommended to plant Pefunia hybrida as an ornamental plant in coastal areas using
ground water, that has a high content of NaCl, as a source of irrigation and by that we are preserving more water
that can be used elsewhere. This study can be used in further programs for petunia improvement.
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Introduction

Water preservation is one of the main environmental concerns (Gonzalo, 2011). Using low quality or salty
water in medicinal and ornamental plants irrigation is expected in the near future because of the diminishing
fresh water sources and the rapid growth of populations (Niu and Rodriguez, 2006). One of the major abiotic
stresses is salinity, which leads to alterations in morphological, physiological, biochemical, and molecular
features and consequently affects plant development and profitability negatively in arid and semiarid regions
(Wang et al., 2001). Around 20% of world soils have high levels of salts, either in the dirt itself or in the
watering system (Niu and Rodriguez, 2006), which causes damage to the national economy and the
surroundings (Rengasamy, 2010; Yang et al., 2010). In the coming 25 years, it is predicted that salinization will
decrease cultivated lands to 30% and probably to 50% by 2050 (Rozema, 2008). Generally, decorative plants are
casily affected by salt accumulation. Inducing salt tolerant plants has been attempted by traditional breeding
programmers, but they did not achieve the results needed (Rai ez al., 2011). As a result, it is crucial to find more
rapid and successful programs to enhance and select salt tolerant plants. Subsequently, methods of plant tissue
culture could offer a chance to begin the process of producing good decorative plants with desired characters.
Generally, the in vitro selection pressure technique is the most common technique for abiotic tolerant genotypes
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selection. It, basically, depends on the in vitro culturing of plant cells, tissues or organs using a medium
supplemented with the selective agents, permitting selection and regeneration of plants with desirable traits. The
in vitro pressure technique has been successfully used to develop salt stress tolerance in plants, using salts as a
selective agent, permitting the favored survival and development of desirable traits. This technique has been
conducted using different explants, such as (callus, suspension, somatic embryos, shoot cultures, etc.), which
have been monitored to find any difference in their capacities to tolerate high salt media. Mostly, Sodium
Chloride (NaCl) was the common type of salt used in such experiments (Woodward and Bennett, 2005).

Petunia hybrida is one of the Solanaceae family members (Quattrocchio et al., 1998), which includes
around 30 subspecies. Petunia species include annual and perennial herbaceous plants (Stehmann et al., 2009).
Among the new developed plants, Petunia hybrida is the most well-known species, which is a hybrid of Petunia
axillaris x Petunia integrifolia, generally known as the garden Petunia (Gerats and Vandenbussche, 2005). It is
mostly used as bedding plant and it comes in a wide variety of colors (Christopher, 1994). P. hybrida is
economically significant due to its use globally as a decorative plant (Lorenz-Lemke et al., 2006; Dell'Olivo et
al.,, 2011). Tt is produced from seeds as an annual plant for outside decorative purposes. Some ornamental
growers develop them as pendulous growth flowering habit, which makes them suitable for developing as
blooming hanging plants in window boxes. Moreover, P. hybrid is thought to be a minor plant model-system,
because of different desired biological features and the availability of technical tools for genomic, biochemical,
cytogenetic and functional analyses (Angenent et al., 1993).In addition, it has been considered as an example to
study flavonoid biosynthesis, botanical improvement, and self- incompatibility (Winkel-Shirley, 2001; Souer et
al., 1996; Farshad et al., 2013).

The present study was conducted to investigate the in vitro regeneration capability of Petunia hybrida on
four medium protocols using three different explants, and to enhance the in vitro tolerance of P. hybrida plants
to NaCl salt so that it can be possible to cultivate these plants in coastal regions, where plants suffer from high
content of salt in air, land and irrigation water.

Materials and Methods

This study was conducted in collaboration between Antoniades Gardens tissue culture lab, Floriculture
Department and the Vegetable, Medicinal and Aromatic Plants Breeding Department, Sabhia Research Station,
Alexandria; under the Horticulture Research Institute (HRI), Agricultural Research Center (ARC), during the
period 2013-2015.

Petunia hybrida seeds were obtained from Semillasfito® Co. (Carrer de la Selva de Mar, 111, 08019
Barcelona, Spain). Seeds were surface sterilized according to Khlifa (2008), then germinated and planted under
aseptic conditions. Small plantlets containing 6 - 8 leaves were used as a source of explants [leaf base (E)),
internode (E2) and cotyledon (Es3)]. Explants were then cultured on Murashige and Skoog (1962) medium
supplemented with 0.1 mg/l naphthalene acetic acid (NAA) + 0.4 mg/l (BAP) [Mi] and MS with different
concentrations of 6 - benzyl amino purine (BAP) (0.5, 1.0 and 2.0 mg/l) [M,, M3 and My respectively] to study
their effect on callus induction (%),callus weight (g) and shoot number. Light conditions were 16/8 hrs (light
/dark cycle) through cooling fluorescent white lamps with light intensity of 3000 Lux.

Pure and desiccated sodium chloride was added directly to the culture media before autoclaving at the final
concentrations of 0, 20, 40, 60, 80, 100, 120, 140 and 160 mM, knowing that ImM of NaCl = 58.44 ppm
(Villarino and Mattson, 2011). P. hybrida cultures were transferred to the above mentioned NaCl prepared
media concentrations (2 explants /jar), 20 replicates for each concentration, then regenerated shoots were
transferred to jars containing’s MS + 1.0 mg/l of indole butyric acid (IBA) for root induction. After
development of shoots and roots, regenerated plants were, gently, washed with tap water to remove agar from
the roots and transplanted to small pots filled with moistened potting mix of peat moss, perlite and sand (1:1:1
v/v/v), then covered with clear polyethylene covers. After a week, these covers were perforated with small pin
to allow gradual acclimatization of the plants. A week later, polyethylene covers were removed and pots were
incubated in the greenhouse for another week, then they were transferred to the open field for normal growth
and flowering.

Proline content was determined according to Bates et al. (1973) to test the ability of plants to tolerate
salinity.

Obtained data for P. hybrida morphogenetic response in form of shoot number, shoot length, leaves
number and root length were, statistically, analyzed as a factorial (two factors) experiment [Media protocols and
explants] in a Randomized Complete Block Design (RCBD) with twenty replicates. Callus induction,
Embryogenic callus were subjected to arcsine transformation and shoot number was subjected to square root
transformation prior to statistical analysis according to Steel and Torrie (1980). Comparisons among means
were made using the least significant difference test (L.S.D.), means of the same letters are not significant at
0.01 probability level, whereas, for the second experiment made to enhance petunia salt tolerance, the following
model was used to analyze data obtained of the experiment:
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Yij=p+oaitei

Where Yij = the observation of the explant; p = overall mean; o i = the effect of NaCl concentration,
andeij = random error assumed to be independently and randomly distributed. F-test and least significant
difference (L.S.D) procedures were available within the SAS software package (version 9.13, 2008).

Results and Discussion

In vitro Morphogenesis of Petunia hybrida:

Establishing reliable in vitro plant regeneration protocol is a prerequisite step before conducting any in
vitro selection experiment. In case of a particular plant species showed no competence for in vitro regeneration,
the chances of regeneration from useful variant cell lines in the same species may also be unsuccessful (Barakat
and El-Sammak; 2011 and Naglaa ef al, 2013). Once an organogenesis of tissue culture protocol has been
established, the next step is to apply the developed protocol to in vitro selection studies. Having this as a
principle, the present work was initiated with the aim of finding a tissue culture protocol competent to
regenerate plant from cultured tissues of Petunia hybrida. However, callus induction response showed no
significant difference with different media protocols, also no significant difference was found in case of tested
different explants. But, the interaction between them showed significance, so that internodes (E») gave the
highest callus induction (100 %) with MS + 0.5 mg/l BAP (M2) and MS + 2.0 mg/l BAP (M4) media protocols.
On the other hand, the same explant showed a completely opposite trend with the lowest average of callus
induction (70%) when cultured on MS + 0.4 mg/l BAP + 0.1 mg/l NAA (M) media protocol as mentioned in
table (1).

Table 1: Means®of callus induction (%), embryogenic callus (%), callus weight (g) and shoot number influenced by four
medium protocols, three explants and their interaction for Petunia hybrida.

Traits
Factor . Calh}s Embryogenic Callus weight Shoot No.
induction callus
Medium protocols (M)
M (MS + 0.4 mg/l BAP + 0.1 mg/l NAA) 86.67 a 63.33b 1.00 b 6.80 ¢
Mz (MS + 0.5 mg/l BAP) 88.33 a 80.00 a 1.14 ab 28.70 a
M3 (MS + 1.0 mg/l BAP) 85.00 a 63.33b 1.35a 8.77¢
M4 (MS + 2.0 mg/l BAP) 85.00 a 86.67 a 1.02 b 14.97b
Explant (E)
E1 (Leaf base) 85.00 a 76.50 a 0.87 ¢ 15.60 a
E> (Internodes) 86.25a 77.63 a 1.13b 17.58 a
E; (Cotyledon) 87.50 a 78.75a 1.39a 11.25b
Medium protocols (M) * Explant (E)

MiE: 95.00 b 50.00 be 0.85 de 9.50 cde
MiE2 70.00 f 45.00 ¢ 0.69 ef 4.70 ¢
MiEs 95.00 b 95.00 a 1.47 ab 6.20 de
M2E; 85.00 ¢ 90.00 a 1.09 cd 252b
M2E> 100.0 a 60.00 be 1.10bcd 37.0a
M3E3 80.00 d 90.00 a 1.24 be 239b
M3E; 85.00 ¢ 55.00 be 1.16 bed 13.7¢
M;E> 75.00 e 95.00 a 1.27 abe 8.00 de
M3E3 95.00 b 40.00 ¢ 1.62a 4.60 e
M4E; 75.00 e 75.00 ab 038 f 14.0c¢
M4E2 100.0 a 90.00 a 1.45 abe 20.6b
M4E3 80.00d 95.00 a 1.23 be 10.3 cd

"Means of the same letters are not significant at 0.01 probability level while means of different letters are significant at 0.05
probability level.

Respecting, embryogenic callus (%), data presented in table (1) clearly showed that there were no
significant differences between the tested explants. On the other hand, MS + 0.5 mg/l BAP (M,) and MS + 2.0
mg/l BAP (Ms) recorded the highest percentage of embryogenic callus obtained with an average of 80% and
86%, respectively. The interactions between medium protocol and explants was, also, highly significant. The
cotyledon (E3) gave the highest mean value of embryogenic callus (95 %) when cultured on either MS + 0.4
mg/l BAP + 0.1 mg/l NAA (M) or MS + 2.0 mg/l of BAP (M,). The same explant showed an opposite trend
and recorded the lowest mean value (40 %) when cultured on MS + 1.0 mg/l BAP (M3).

Also, highest values for embryonic callus were obtained when internodes (E») were cultured on MS + 1.0
mg/l BAP (M3) with an average percentage of (95%).
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With regard to callus weight (g); results in table (1) showed that callus weight was, significantly,
influenced by differences between the tested medium protocols, the used explants and the interaction between
them. The used M, and M3 medium protocols, led to the highest mean values of callus weight (1.14 and 1.35 g,
respectively). It was evident from table (1) that the cotyledons (Es3) recorded the highest significant value of
callus weight 1.39 g, because cotyledon explant, also known as storage leaves, is a highly active part of the
seedling contains the most active substances (proteins, enzymes.. etc),; whereas, leaf bases gave the lowest
mean value (0.87 g). The highest response of callus weight was obtained when cotyledon (E3) was cultured on
MS + 1.0 mg/l BAP (M3) media with an average weight of 1.62 g/explant. On the other side, leaf base (E)),
brought about the lowest callus weight (0.38 g/explant) when cultured on MS+ 0.4 mg/l BAP + 0.1mg/l NAA
My).

Regarding shoot number; data presented in table (1) clearly showed that MS + 0.5 mg/l BAP (M) protocol
used, resulted in the significantly highest value of shoot number 28.7, followed by (M4). The least mean value of
shoots number was produced on (M3) and (M;) with an average mean of 8.8 and 6.8. The superior explants
which recorded the highest mean of shoot number, were recorded from the leaf base (Ei) and internode (E:) of
15.6 and 17.58, each in turn, with no significant difference between them, followed by cotyledons (Es3). The
interaction between the used medium protocols and tested explants showed that internode (E) resulted in the
highest mean of shoot number (37.0) when cultured on MS + 0.5 mg/l BAP (M). In an opposite trend, the
internode (E:) recorded the lowest mean value of shoot number (4.7) when cultured on MS + 0.4 mg/l BAP +
0.1 mg/l NAA (M), as well as cotyledons (Es3), when cultured on (M3) medium protocol it giving an average
mean of (4.6).

In vitro selection:

According to the previous results; internodes (Ez) and MS medium supplemented with 0.5 mg/l BAP (M)
were used to examine the effect of NaCl concentrations; because they gave the highest number of shoots from
the previous mentioned experiment. NaCl was added to the medium in the concentrations (0, 20, 40, 60, 80, 100,
and 120, 140 and 160 mM). Results of shoot number, shoot length, leaf number, root length and proline content
are shown in table (2).

As for morphogenetic response; data presented in table (2) and figure (1) showed that, there was no
significant difference between the control treatment (0.0 mM) and 20 mM NaCl respectively in shoot number,
shoot length and leaf number. On the contrary, with the rest of the concentrations, these characters were,
significantly, in an inverse proportionate; as, character decreased, significantly, when NaCl concentrations viz.
40, 60 and 80 mM, increased in the above - mentioned medium (M;). Root length was, significantly, affected
when cultured on different concentrations of NaCl.

Table 2: /n vitro morphogenetic response and proline content of Petunia hybrida towards different concentrations of NaCl.

Morphogenetic response Proline content

NaCl concentration Shoot length Root length
Shoot No. Leaf No. (puml)

(cm) (cm)
0 mM 3425a 3.18a 2995a 1.61a 1.3955 ¢
20 mM 28.30a 2.59a 26.80 a 0.85b 2.2969d
40 mM 13.95b 2.50b 16.10 b 0.56 ¢ 3.8571 ¢
60 mM 5.30c¢ 121 ¢ 9.90 ¢ 0.34 cd 5.7279 b
80 mM 1.55d 0.52d 3.30d 0.27d 6.2147 a

"Means of the same letters are not significant at 0.01 probability level while means of different letters are significant at 0.05
probability level.

Control

Fig. 1: Effect of NaCl with different concentrations on in vitro growth of Petunia hybrida.
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In total, it was obvious that all morphogenetic characters were inversely proportional to the salt
concentration. Results obtained after adding NaCl to the media showed that concentrations above 80 mM of
NaCl were lethal to P. hybrida.

As for proline content; results of table (2) showed that, proline content was in a direct proportional to the
NaCl concentration and increased approximately 6 folds at the last concentration (80 mM) when compared to
the control treatment. Figure (2) illustrates the relation between root length (cm) and proline content (uml). Root
length was in inverse proportionate with the salt concentration, while the proline was directly proportional to the
salt concentration, however, the obtained results are in agreement with those of Shin ez al. (2000) and Kutis et
al. (2009) who stated that proline has shown to be accumulated in a number of plant tissues in response to salt
stress. Also, Harinasut et al. (2000) reported that when plants are subjected to high salt environment, they
maintain their water content by accumulation of compatible organic solutes, such as proline, in their cytoplasm.
These organic solutes act as osmoprotectants in response to abiotic stresses, such as increased salinity.
Furthermore, proline accumulation under salt stress has been reported and suggested to be a biochemical marker
for increased salt tolerance in plant species such as potato (Martinez et al., 1996), mulberry (Harinasut et al.,
2000), acacia (Yokota, 2003), and sugarcane (Gandonou et al., 2006).

77 H Root length (cm) H Proline (pml)
6 -
5 -4
]
£ 41
o
é 3
2 .
1 -
0
20mM 40mM  60mM 80 mM
NaCl concentrations

Fig. 2: Effect of NaCl concentration on root length and proline content of Petunia hybrida

In conclusion, the best in vitro propagation protocol of Petunia hybrid can could be done by culturing
internodes (E2) on MS + 0.5 mg/l BAP (M>). Since it showed good tolerance towards salinity up to 80 mM via
inducing 6 folds more of proline than the control treatment. It is recommended to plant Petunia hybrid as an
ornamental plant in coastal areas using ground water, that has a high content of NaCl, as a source of irrigation
and by that we are preserving more water that can be used elsewhere.

References

Angenent, G.C., J. Franken, M. Busscher, L. Colombo and A.J. van Tunen, 1993. Petal and stamen formation in
Petunia is regulated by the homeotic gene fbpl. Plant J. 4: 101-112.

Barakat, M.N. and H. El-Sammak, 2011. In vitro culture and plant regeneration from shoot tip and lateral bud
explants of Gypsophila paniculata L. J. Medicinal Plants Res., 5(15): 3351-3358.

Bates, L.S., R.P. Waldeen and L.D. Teare, 1973. Rapid determination of free proline for water stress studies.
Plant Soil., 39: 205-207.

Christopher, B., 1994. Encyclopedia of Gardening. The American Horticultural Society, 1: 170-181.

Dell’Olivo, A., M.E. Hoballah, T. Giibitz and C. Kuhlemeier, 2011. Isolation barriers between Petunia axillaris
and Petunia integrifolia (Solanaceae). Evolution., 65: 1979-1991.

Farshad, T., C.S. Hinkley and N. Ramprashad, 2013. A Comparison of DNA Extraction Methods using Petunia
hybrida Tissues. J. Biomolecular Techniques., 24: 113-118.

Gandonou, C.B., T. Errabii, J. Abrini, M. Idaomar and N.S. Senhaji, 2006. Selection of callus cultures of
sugarcane (Saccharum sp.) tolerant to NaCl and their response to salt stress. Plant Cell Tissue and Organ
Cult., 87: 9-16.

Gerats, T. and M. Vandenbussche, 2005. A model system for comparative research: Petunia. Trends Plant Sci.,
10: 251-256.

Gonzalo, H.V.P., 2011. Salt tolerance in floriculture species: characterization of salt tolerance and the cloning of
a novel Petunia gene involved in the trehalose sugar biosenthesis (trehalose-6-phosphate synthase) and

871



Middle East J. Agric. Res., 4(4): 867-872, 2015
ISSN 2077-4605

evaluating its potential role as a stress osmolyte in mutant yeasts., Master thesis, Cornell University.
USA.

Harinasut, P., S. Srisunak, S. Pitukchaisopol and R. Charoensataporn, 2000. Mechanisms of adaptation to
increase salinity of mulberry: Proline content and ascorbate peroxidase activity in leaves of multiple
shoots. Science Asia., 26: 207-211.

Khlifa, H.D.A., 2008. Genetical and Biochemical Studies on Datura metel and its Extracts. MSc Thesis. Faculty
of Agriculture, University of Alexandria, Egypt.

Kutis, M., T.A. Yupsanis, T.D. Syros and A.S. Economou, 2009. Peroxidase, Acid phosphatase RNase and
DNase activity and isoform patterns during in vitro rooting of Petunia xhybrida microshoots. Biol. Plant.,
53(3): 530-538.

Lorenz-Lemke, A.P., G. Mader and V.C. Muschner, 2006. Diversity and natural hybridization in a highly
endemic species of Petunia (Solanaceae): a molecular and ecological analysis. Molec Ecol., 15: 4487-
4497.

Martinez, C.A., M. Maestri and E.G. Lani, 1996. In vitro salt tolerance and proline accumulation in Andean
potato (Solanum spp.) differing in frost resistance. Plant Sci., 116: 177-184.

Murashige, T. and F. Skoog, 1962. A revised medium for rapid growth and bioassay with tobacco tissue
cultures. Physiol. Plant, 15: 473-497.

Naglaa, M. Esmaiel, A.A. Al-Doss and M.N. Barakat, 2013. An assessment of in vitro culture and plant
regeneration from leaf base explants in carnation (Dianthus caryophyllus L. ). J. Fd Agric. and Envi.,
1111(1): 1113-1117.

Niu, G. and D. Rodriguez, 2006. Relative salt tolerance of five herbaceous perennials. Hort. Science,
41(6):1493-1497.

Quattrocchio, F., J.F. Wing, K. Woud, J.N.M. Mol and R. Koes, 1998. Analysis of Bhlh and mybdomain
proteins: species specific regulatory differences are caused by divergent evolution of target anthocyanin
genes. Plant J. 13: 475-488.

Rai, M.K., R.K. Kalia, R. Singh, M.P. Gangola and K.A. Dhawan, 2011. Developing stress tolerant plants
through in vitro selection-An overview of the recent progress. Environmental and Experimental Botany,
71: 89-98.

Rengasamy, P., 2010. Soil processes affecting crop production in salt-affected soils. Functional Plant Biology,
37:255-263.

Rozema, J., 2008. Flowers and Crops for a salinized world. Science, 322: 1478-1480.

SAS Institute, 2008. SAS STAT 9. 13. SAS Inst., Cary, NC, USA.

Shin, W., K. Kujima, Y. Ide and S. Sasaki, 2000. Effect of saline and osmotic stress on proline and sugar
accumulation in Populous euphratica in vitro. P1. Cell Tis. Org. Cult., 63: 199-203.

Souer, E., A. Houwelingen, D. Kloos, J. Moland R. Koes, 1996. The no apical meristem gene of Petunia is
required for pattern formation in embryos and flowers and is expressed at meristem and primordial
boundaries. Cell, 85: 159-170.

Steel, R.G.D. and J.H. Torrie, 1980. Principles and Procedures of Statistics. A Biometrical Approach. (2"ed.).
McGraw Hill Book.

Stehmann, R.J., A. P. Lorenz-Lemke, L.B. Freitas and J. Semir, 2009. The genus Petunia. In Gerats T,
Strommer J (eds): Petunia: Evolutionary, Developmental and Physiological Genetics, 2" ed. NY, USA:
Springer. Life Sciences, pp: 1-28.

Villarino, G.H. and N.S. Mattson, 2011. Assessing Tolerance to Sodium Chloride Salinity in Fourteen
Floriculture Species. Hort Technology, 21(5): 539-545.

Wang, W.X., B. Vinocur, O. Shoseyov and A. Altman, 2001. Biotechnology of plant osmotic stress tolerance:
physiological and molecular considerations. Acta Hort., 560: 285-292.

Winkel-Shirley, B., 2001. Flavonoid biosynthesis. A colorful model for genetics, biochemistry, cell biology, and
biotechnology. Plant Physiol., 126: 485-493.

Woodward, A.J. and 1.J. Bennett, 2005. The effect of salt stress and abscisic acid on proline production,
chlorophyll content and growth of in vitro propagated shoots of Eucalyptus camaldulensis. Plant Cell
Tissue and Organ Culture., 82: 189-200.

Yang, Y.L., RX. Shi, X L. Wei, Q. Fan and L.Z. An, 2010. Effect of salinity on antioxidant enzymes in calli of
the halophyte Nitraria tangutorum Bobr. Plant Cell Tissue and Organ Culture., 102: 387-395.

Yokota, S., 2003. Relationship between salt tolerance and proline accumulation in Australian acacia species. J.
For. Res., 8: 89-93.

872


http://www.researchgate.net/journal/1459-0255_Journal_of_Food_Agriculture_and_Environment
http://horttech.ashspublications.org/search?author1=Gonzalo+H.+Villarino&sortspec=date&submit=Submit
http://horttech.ashspublications.org/search?author1=Neil+S.+Mattson&sortspec=date&submit=Submit



