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Abstract

Sixty seven-days-old plants of Ammi majus L. were subjected for 46 d to sand culture at varying concentrations of NaCl,
i.e. 0 (control), 40, 80, 120, and 160 mM. Increasing salt concentrations caused a significant reduction in fresh and dry
masses of both shoots and roots as well as seed yield. However, the adverse effect of salt was more pronounced on seed
yield than biomass production at the vegetative stage. Calculated 50 % reduction in shoot dry mass occurred at 156 mM
(ca. 15.6 mS cm™), whereas that in seed yield was at 104 mM (ca. 10.4 mS cm™). As in most glycophytes, Na” and CI-
in both shoots and roots increased, whereas K and Ca®" decreased consistently with the successive increase in salt level
of the growth medium. Plants of 4. majus maintained markedly higher K'/Na' ratios in the shoots than those in the roots,
and the ratio remained more than 1 even at the highest external salt level (160 mM). Net photosynthetic (Py) and
transpiration (E) rates remained unaffected at increasing NaCl, and thus these attributes had a negative association with
salt tolerance of A. majus. Proline content in the shoots increased markedly at the higher concentrations of salt. Essential
oil content in the seed decreased consistently with increase in external salt level. Overall, 4. majus is a moderately salt
tolerant crop whose response to salinity is associated with maintenance of high shoot K'/Na" ratio and accumulation of

proline in shoots, but Py had a negative association with the salt tolerance of this crop.
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Introduction

Cultivation of medicinal plants is gaining ground in many
countries where farmers have been cultivating since very
long the conventional crops such as cotton, rice, wheat,
etc. In fact, switching over to medicinal plants is due to
considerably low output of the conventional crops in
comparison with high inputs in the form of fertilizers and
pesticides to these crops. In addition, the rapid progress in
use of herbal medicine during the last two decades has
motivated the farmers to grow medicinal plants on a large
scale. Of the potential medicinal plants being cultivated
these days, Bishop’s weed (Ammi majus L.), belonging to
family Apiaceae, is a traditional medicinal herb which is
also known as gout weed, ajowain, Ethiopian cumin-seed,
or ground elder (Purohit et al. 1995, Ekiert and Gomolka
2000). Bishop’s weed seed imparts a specific aroma and
taste to a wide variety of foods. The plant produces small
white flowers in umbels similar in form to Queen Ann’s
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Lace (Daucus carota, wild carrot), but not as showy, that
bloom in mid summer and produce small round seeds that
are hot and bitter to taste. It is an aromatic spice closely
resembling thyme in flavour. It also has excellent
preservative and medicinal properties (Abraham et al.
1996). Traditional usage of A. majus is in bruises,
digestive problems, gas, hypoglycemia, preservative,
psoriasis, snake bites, and water retention (Lipp 1996,
Kiistala et al. 1999).

The seeds and plants of Bishop’s weed contain
furanochromones and khellin most concentrated in the
seeds. The seeds also contain approximately 22.4 %
cellulose, ammajin, ammifurin, ammirin, bergapten,
calcium oxalate, 1% essential oil, 13 % fat, 1%
glycosides, heraclenin, imperatorin, 1.5-2.0 % psoralens,
and 14 % protein (El Gamal ef al. 1993, Lipp 1996,
Singab 1998, Ekiert and Gomolka 2000).

* Author for correspondence; fax: 92-41-9200764, e-mail: ashrafm@fsd.paknet.com.pk
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High concentration of salts is an important
characteristic of the soils of semi-arid and arid regions of
the world and is a continuing threat to crop production
(Ashraf 2002, Munns 2002, Tester and Romola 2003).
However, such soils can be utilized by growing salt
tolerant crops. Since 4. majus is a potential medicinal

Materials and methods

The seeds of a local race of Ammi majus L. were obtained
from the Department of Botany, University of Agri-
culture, Faisalabad, Pakistan, which were originally
collected from Pakistan Forest Institute Peshawar,
Pakistan. The experiment was conducted in a netting
house supplied with natural sunlight in the Botanic
Garden, University of Agriculture, Faisalabad, Pakistan,
from October 2002 to May 2003. The average day and
night temperatures were 29+9 and 15+7 °C, respectively.
The average relative humidity ranged from 41 to 69 %
and natural photoperiod from 10.0 to 12.5 h. The
experiment was laid out in a completely randomized
design with four replications and five salt treatments
including control. The earthen pots of 30 cm diameter
lined with polythene sheets were filled with 9.0 kg of
well washed pure river sand. Fifty seeds were sown in
each pot. After 15 d of germination, plants were thinned
to 6 plants per pot. Two litres of full strength Hoagland’s
nutrient solution were applied to each pot every week
before the start of salt treatments. Plants were allowed to
establish for further 52 d (67 d after germination) after
which time NaCl treatment in Hoagland’s nutrient
solution was initiated. The NaCl treatments used were 0,
40, 80, 120, and 160 mM (NaCl,, NaCly, NaClgy,
NacCly,, and NaClj).

2000 cm’ of solution with appropriate treatment were
applied every week to each pot. This volume was
sufficient to wash the salt already present in the sand.
During the week the pots were regularly kept moist by
adding 200 cm’ distilled water to each pot.

Proline in fresh shoot samples was determined according
to Bates et al. (1973). Fresh leaves (1.0 g) were homo-
genized in 10 cm’ of 3 % sulfosalicylic acid. This extract
was used for spectrophotometric estimation of proline.

Gas exchange characteristics: Net photosynthetic (Py)
and transpiration (E) rates and stomatal conductance (g)
were measured on a fully expanded youngest leaf of each
plant using an open system LCA-4 ADC portable infrared
gas analyzer (Analytical Development Company,
Hoddesdon, England). Measurements were performed
from 09:30 to 11:30 with the following specifications and
adjustments: leaf chamber area was fixed as 6.25 cm’,
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crop, it could be grown on salt-affected lands if it
possesses high degree of salt tolerance. Keeping this in
mind the present study was carried out to assess the
degree of salt tolerance of this crop and draw relationship
with photosynthetic capacity.

ambient CO, concentration (C.f) 295.35 pmol mol ™,
temperature in leaf chamber in the range 25.67-38.24 °C,
leaf chamber gas flow rate (V) 4.20-4.26 cm® s, molar
flow of air per unit leaf area (Us) 404.8 mmol m? s,
ambient pressure (P) 99.9 kPa, water vapour pressure in
chamber (e.r) 1.24—1.45 kPa, PAR at leaf surface (Qjear)
up to 1473 pmol m?s™.

Two plants were harvested from each pot 46 d after
the start of NaCl treatments. Plants were uprooted
carefully and washed with distilled water. After recording
the fresh masses (FM) of both shoots and roots, they were
oven-dried at 65 °C for one week and their dry masses
(DM) recorded. The remaining four plants were used for
attaining seed yield.

Determination of ions in shoots and roots: The dried
ground shoot and root material (0.1 g) was digested with
sulphuric acid-hydrogen peroxide according to Wolf
(1982). Na*, K', and Ca** were determined with a flame
photometer (Jenway PFP7, Gransmore Green, Dunmow,
UK). For the determination of CI', shoot and root samples
(100 mg each) were ground and extracted in 10 cm’ of
distilled water by heating at 80 °C for 3 h. CI” content in
the extracts was determined with a chloride meter
(Sherwood Chloride Analyzer 926, Tokyo, Japan). At
maturity all plants were harvested and seed yield per
plant was recorded for each salt treatment.

Extraction of oil from seed: The seeds of each treatment
were sieved to remove any foreign material. The seeds
were dried in an oven at 50 °C for 4 h. The dried seeds
were ground to a uniform powder and oil was extracted in
n-hexane. A weighed quantity (15 g) of the seed powder
was placed in an extraction thimble and extraction was
carried out for 6 h in a Soxhlet extractor, after which time
the oil containing solvent was filtered through Whatman
No.42 filter paper. The oil was heated in an oven at 60 °C
to remove last traces of the solvent.

Statistical analysis: Analyses of variance of data for all
attributes were computed using the COSTAT computer
package (Cohort Software, Berkeley, USA). The mean
values were compared with the least significant diffe-
rence test (LSD) following Snedecor and Cochran (1980).
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Results

Imposition of salt stress on 67 d-old plants of A. majus
for 46 d had a significant inhibitory effect on FM of both
shoots and roots, but the effect of salt stress was non-sig-
nificant for DM of shoots and roots (Table 1). However,
there was a consistent decrease in both FM and DM of
the shoots and roots with an increase in salt concentration
of the growth medium (Fig. 1). Maximum reduction in
biomass was observed at NaCl, .

Salt stress had a significant (p<0.001) increasing
effect on Na" and CI concentrations in both shoots and
roots (Table 1). The contents of both ions in the

Table 1. Mean squares from analyses of variance of data for
growth and gas exchange attributes and ion contents in shoots
and roots of Ammi majus when 67-d-old plants were subjected
for 46 d to varying NaCl treatments. For abbreviations see the
text. Four degrees of freedom for salt concentration, 14 or 15
for error. ©, 7, ™= significant at 0.05, 0.01, and 0.001 levels,
respectively; ns = non-significant.

NaCl Error
Shoot fresh mass [g] 59.69""  6.58
Shoot dry mass [g] 2.16ns 0.90
Root fresh mass [g] 2.14" 0.57
Root dry mass [g] 0.04ns 0.02
Seed yield [g per plant] 3.51™ 0.18
0il [%] 0.054" 0.003
Py 1.78ns 1.86
E 0.47ns 0.23
2 250045.00™"  409.58
Sub-stomatal CO, concentration ~ 2927.44""" 8.26
Water use efficiency 0.22ns 0.71
c/c, 0.024™"  0.012
Proline 2977 0.19
Shoot Na* 13.95™ 3.57
Root Na* 175517 237
Shoot CI” 568.02"" 1278
Root CI” 166.81°" 2.16
Shoot K* 677.65™"  19.68
Root K" 57.50" 14.58
Shoot Ca®" 302" 0.65
Root Ca®" 10.33™ 1.55

shoots and roots increased with increasing supply of
NaCl and they were maximal at NaClys (Fig. 2). A
consistent decrease in the concentrations of K™ and Ca**
in both shoots and roots of A. majus was found with
increasing supply of NaCl in the root medium, and
maximum reduction in both ions was observed at NaCl,¢,
(Fig. 3). At this concentration, the reduction in shoot K
content was greater than that in the roots.

As expected, there was a consistent decrease in
K'/Na" and Ca’"/Na" ratios in the shoots and roots of
A. majus with increase in NaCl concentration of the
rooting medium (Table 2). The plants maintained
considerably higher K'/Na® ratios in the shoots as
compared to those in the roots, whereas Ca>’/Na' ratios in
both shoots and roots were similar.

Effect of salinity was non-significant on Py, E, and
water use efficiency (Pn/E) (Table 1). The pattern of
increase or decrease in Py and E was not consistent at
varying NaCl concentrations of the medium (Fig. 4).
However, a significant effect of salt stress was observed
on sub-stomatal CO, concentration (C;) and relative sub-
stomatal CO, concentration (sub-stomatal CO, concen-
tration/ambient CO, concentration = C;/C,) (Table 1), but
the pattern of increase or decrease in sub-stomatal CO,
concentration and Cy/C, was not consistent at increasing
contents of NaCl in the growth medium (Fig. 4).

Leaf proline content did not vary up to NaClg,, but
thereafter there was a sharp rise in its content at NaCl,y
and NaClyg (Fig. 5). A maximum increase in proline
content was observed at NaCl,.

A marked inhibitory effect of salt stress was observed
on seed yield per plant (Table 1). However, seed yield
started decreasing from NaClg, onwards. Yield reduction
was maximal at NaCl,, and NaCl (Fig. 6).

Seed oil content decreased consistently with increas-
ing salt concentration of the rooting medium, and the
maximum reduction in oil was found at NaClg, (Fig. 6).
Seed oil of plants subjected to NaCl;»y and NaCl,¢, could
not be determined because of very few seeds produced by
these plants.

Table 2. K’/Na" and Ca**/Na’ ratios in shoot and roots of Ammi majus when 67-d-old plants were subjected for 46 d to varying
concentrations of NaCl salinity in sand culture. Means with the same letters within each row do not differ significantly at the 5%

level.

NaClo NaCl4O NaClgO NaC1120 NaC1160 LSD 5%
Shoot K'/Na®™  8.46+1.01a 6.93+0.78b  3.58+0.43c 2.82£022c¢ 1.29+0.12d 1.36
Root K'/Na"  5.89+0.61a 6.16£0.56a 3.55+0.41b 1.80+0.21c¢ 0.87£0.06d 0.91
Shoot Ca®/Na* 1.48+0.12a  1.29+0.09b  0.50+0.04c¢  0.39+0.04c¢  0.20+0.03d 0.16
Root Ca*/Na™ 1.93+0.23a  1.46+0.11b  0.79+0.06¢c  0.31+0.02d  0.15£0.02d 0.18
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Discussion

Increasing salt concentration of the growth medium Drevon 1998, Esechie et al. 2002), carrot (Gibberd et al.
generally caused a significant suppression of vegetative 2002), fennel (Graifenberg et al. 1996), and kalonji
growth and seed yield in A. majus. Such an inhibitory (Hajar et al. 1996). However, the reduction in seed yield
effect of salt stress on the growth, seed yield, and yield due to salt stress was more marked than that in vegetative
components has also been reported in alfalfa (Serraj and growth of A. majus. For example, 50 % reduction in
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Fig. 1. Growth attributes of Ammi majus when 67-d-old plants were subjected for 46 d to varying NaCl salinity. Bars
with the same letters are non-significant at 5 % level.
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Fig. 2. Contents of Na" and CI[g kg"'(DM)] in shoots and roots of Ammi majus when 67-d-old plants were subjected for 46 d to
varying NaCl salinity. Bars with the same letters are non-significant at 5 % level.
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Fig. 3. Contents of K™ and Ca®" [g kg™'(DM)] in shoots and roots of Ammi majus when 67-d-old plants were subjected for 46 d to
varying NaCl salinity. Bars with the same letters are non-significant at 5 % level.

biomass at the vegetative stage, calculated by drawing a
regression line, occurred at 156 mM of NaCl (almost
equal to 15.6 mS cm™), and that in seed yield at 104 mM
of NaCl (almost equivalent to 10.4 mS cm™). According
to Maas and Hoffman (1977) this crop can be categorized
as moderately salt tolerant. The difference in degree of
salt tolerance at different growth stages of A. majus is
parallel to what has earlier been observed in studies
showing that salt tolerance in most of crop species varies
with the change in stage of plant life cycle (Ashraf 1994,
Sharma and Manchanda 1997).

As in most other glycophytes, a consistent increase in
Na' and CI" and a decrease in K" and Ca*" contents in
both shoots and roots of A. majus with increase in salt
concentration of the rooting medium was found.
Accumulation of Na" and CI” in the shoots was greater
than that in the roots. Such pattern of accumulation of
these toxic ions has earlier been reported in a number of
plants referred to as salt includers (accumulators). For
example, most dicotyledonous halophytes are salt
includers, and some salt tolerant glycophytes such as
barley fall into this category (Greenway and Munns 1980,
Munns et al. 2000).

Plants exposed to a saline environment generally take
up high amounts of Na’, whereas the uptake of K* and
Ca® is significantly reduced. However, reasonable
amounts of both K" and Ca*" are required by plants to
maintain the integrity and functioning of cell membranes
(Marschner 1995, Davenport et al. 1997, Wenxue et al.
2003). The pertinent mechanism for maintenance of
adequate K™ in plant tissue under salinity seems to be

dependent upon selective K uptake and selective cellular
K" and Na' compartmentation and distribution in the
shoots (Munns et al. 2000, Carden et al. 2003). However,
high K'/Na" selectivity in plants under salt stress is an
important selection criterion of salt tolerance (Gorham et
al. 1997, Ashraf 2002, Wenxue et al. 2003). Although
both K'/Na" and Ca®/Na' ratios decreased consistently in
the shoots and roots of A. majus with increase in salt
content of the growth medium, K'/Na® ratio was
markedly higher in shoots than in roots. Even at NaCl,¢
the shoot K'/Na" ratio was more than 1, a minimum level
suggested for the normal functioning of most mesophytes
under saline conditions (Wyn Jones 1981).

Salinity reduces Py, E, and g, in most plant species
(Gibberd et al. 2002, Tezara et al. 2002, Ashraf and
Shahbaz 2003). Salt-induced reduction of Py can be
caused by stomatal limitation with stomatal closure
(Pascale and Barbieri 1995, Goldstein et al. 1996), non-
stomatal limitation or both limitations with stomatal
closure at low tissue salt content, and a disturbance of
photosynthetic activity at high tissue salt content
(Downton et al. 1990, Yeo et al. 1991). We did not find
any significant effect of salt stress on Py or any of the
attributes related to gas exchange in 4. majus. Similarly,
there are many earlier reports in which no or little
association between growth and photosynthetic capacity
is evident, e.g. Hibiscus cannabinus (Curtis and Lauchli
1986), Hordeum vulgare (Rawson et al. 1988), Trifolium
repens (Rogers and Noble 1992), Triticum aestivum
(Hawkins and Lewis 1993, Ashraf and O’Leary 1996),
and Olea europea (Loreto et al. 2003).
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level.
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In the present study, accumulation of proline in the
shoots of A. majus was enhanced particularly at the
higher external salt concentrations, thus showing the
positive role of proline in the salt tolerance of this crop
because proline contributes to membrane stability
(Rudolph ef al. 1986, Hanson and Burnet 1994, Gadallah
1999) and reduces the effect of NaCl on cell membrane
disruption (Mansour 1998). Furthermore, proline may act
as a signalling/regulatory molecule able to activate
multiple responses that are component of the adaptation
to abiotic stresses including salt stress (Maggaio et al.
2002). Our findings for proline can be explained in view
of some earlier reports that proline accumulation is one of
the common characteristics in many plants under salinity
(Storey et al. 1977, Wyn Jones and Storey 1978).
Increase in proline content due to salinity has also been
reported in some medicinal plants, e.g. black cumin
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References

Abraham, W.R., Lowestein, C., Stahl-Biskup, E., Hanssen,
H.P., Sinnwell, V.: Ammimajanes — novel volatile diterpenes
from Ammi majus L. (Apiaceae). — J. essent. Oil Res. 8: 507-
511, 1996.

Ashraf, M.: Breeding for salinity tolerance in plants. — Crit.
Rev. Plant Sci. 13: 17-42, 1994.

Ashraf, M.: Salt tolerance of cotton: some new advances. — Crit.
Rev. Plant Sci. 21: 1-30, 2002.

Ashraf, M., O'Leary, J.W.: Responses of some newly evolved
salt-tolerant genotypes of spring wheat to salt stress. 2) Water
relations and gas exchange. — Acta bot. neerl. 45: 29-39, 1996.

Ashraf, M., Shahbaz, M.: Assessment of genotypic variation in
salt tolerance of early CIMMYT hexaploid wheat germplasm
using photosynthetic capacity and water relations as selection
criteria. — Photosynthetica 41: 273-280, 2003.

Bates, L.S., Waldren, R.P., Tears, [.D.: Rapid determination of
free proline for water stress studies. — Plant Soil 39: 205-207,
1973.

Carden, D.E., Walker, D.J., Flowers, T.J., Miller, A.J.: Single-
cell measurements of the contributions of cytosolic Na* and
K to salt tolerance. — Plant Physiol. 131: 676-683, 2003.

Curtis, P.S., Lauchli, A.: The role of leaf area development and
photosynthetic capacity in determining growth of kenaf under
moderate salt stress. — Aust. J. Plant Physiol. 13: 553-565,
1986.

Davenport, R.J., Reid, R.J., Smith, F.A.: Sodium-calcium inter-
actions in two wheat species differing in salinity tolerance. —
Physiol Plant. 99: 323-327, 1997.

Downton, W.J.S., Loveys, B.R., Grant, W.J.R.: Salinity effects
on the stomatal behaviour of grapevine. — New Phytol. 116:
499-503, 1990.

Ekiert, H., Gomolka, E.: Coumarin compounds in Ammi majus
L. callus cultures. — Pharmazie 55: 684-687, 2000.

(Hajar et al. 1996), anise and coriander (Zidan and Elewa
1995).

In conclusion, 4. majus is a moderately salt tolerant
crop whose response to salinity is associated with
maintenance of high K'/Na' ratio and accumulation of
proline in shoots. However, Py showed a negative
association with the salt tolerance of this crop.

El-Gamal, M.H.A., Shalaby, N.M.M., Duddeck, H.,
Hiegemann, M.: Coumarins and coumarin glucosides from the
fruits of Ammi majus L. — Phytochemistry 34: 819-823, 1993.

Esechie, H.A., Rodriguez, V., Al-Asmi, H.S.: Effect of sodium
chloride salinity on cation equilibration in alfalfa (Medicago
sativa L.). — Crop Res. 23: 253-258, 2002.

Gadallah, M.A.A.: Effects of proline and glycinebetaine on
Vicia faba responses to salt stress. — Biol. Plant. 42: 249-257,
1999.

Gibberd, M.R., Turner, N.C., Storey, R.: Influence of saline irri-
gation on growth, ion accumulation and partitioning, and leaf
gas exchange of carrot (Daucus carota L.). — Ann. Bot. 90:
715-724, 2002.

Goldstein, G., Drake, D.R., Alpha, C., Melcher, P., Heraux, J.,
Azocar, A.: Growth and photosynthetic responses of Scaevola
sericea, a Hawaiian coastal shrub, to substrate salinity and salt
spray. — Int. J. Plant Sci. 157: 171-179, 1996.

Gorham, J., Bridges, J., Dubcovsky, J., Dvorak, J., Hollington,
P.A., Luo, M.-C., Khan, J.A.: Genetic analysis and physio-
logy of a trait for enhanced K'/Na* discrimination in wheat. —
New Phytol. 137: 109-116, 1997.

Graifenberg, A., Botrini, L., Giustinani, L., Paola, M.L.: Sali-
nity effects on growth, yield and elemental concentration of
fennel. — Hort. Sci. 31: 1131-1134, 1996.

Greenway, H., Munns, R.: Mechanism of salt tolerance in non-
halophytes. — Annu. Rev. Plant Physiol. 31: 149-190, 1980.
Hajar, A.S., Zidan, M.A., AlZahrani, H.S.: Effect of salinity
stress on the germination, growth and some physiological ac-
tivities of black cumin (Nigella sativa L.). — Arab Gulf J. Sci.

Res. 14: 445-454, 1996.

Hanson, A.D., Burnet, M.: Evolution and metabolic engineering
of osmoprotectant accumulation in higher plants. — In: Cherry,
J.H. (ed.): Biochemical and Cellular Mechanisms of Stress

549



M. ASHRAF et al.

Tolerance in Plants. Pp. 291-301. Springer-Verlag, Berlin
1994.

Hawkins, H.J., Lewis, O.A.M.: Combination effect of NaCl sa-
linity, nitrogen form and calcium concentration on the growth
and ionic content and gaseous properties of Triticum aestivum
L. cv. Gamtoos. — New Phytol. 124: 161-170, 1993.

Kiistala, R., Makinen-Kiljunen, S., Heikkinen, K., Rinne, J.,
Haahtela, T.: Occupational allergic rhinitis and contact urti-
caria caused by Bishop’s weed (Ammi majus L.) — Allergy 54:
635-639, 1999.

Lipp, F.J.: The efficacy, history, and politics of medicinal
plants. — Alternative Therapies Health Med. 2: 36-41, 1996.

Loreto, F., Centritto, M., Chartzoulakis, K.: Photosynthetic li-
mitations in olive cultivars with different sensitivity to salt
stress. — Plant Cell Environ. 26: 595-601, 2003.

Maas, E.V., Hoffman, G.J.: Crop salt tolerance. Current assess-
ment. — J. Trrig. Drain. Div. ASCE 103: 115-134, 1977.

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

Mansour, M.M.F.: Protection of plasma membrane of onion
epidermal cells by glycinebetaine and proline against NaCl
stress. — Plant Physiol. Biochem. 36: 767-772, 1998.

Marschner, H.: Mineral Nutrition of Higher Plants. 2" Bd, -
Academic Press, London 1995.

Munns, R.: Comparative physiology of salt and water stress. —
Plant Cell Environ. 25: 239-250, 2002.

Munns, R., Hare, R.A., James, R.A., Rebetzke, G.J.: Genetic
variation for salt tolerance of durum wheat. — Aust. J. agr.
Res. 51: 69-74, 2000.

Pascale, S.D., Barbieri, G.: Effect of soil salinity from long-
term irrigation with saline-sodic water on yield and quality of
winter vegetable crops. — Scient. Hort. 64: 145-147, 1995.

Purohit, M., Pande, D., Datta, A., Srivastava, P.S.: In vitro flo-
wering and high xanthotoxin in Ammi majus L. — J. Plant Bio-
chem. Biotechnol. 4: 77-76, 1995.

Rawson, H.M., Richards, R.A., Munns, R.: An examination of
selection criteria for salt tolerance in wheat, barley and triti-
cale genotypes. — Aust. J. agr. Res. 39: 759-772, 1988.

Rogers, M.E., Noble, C.L.: Variation in growth and ion accu-
mulation between two selected populations of Trifolium
repens L. differing in salt tolerance. — Plant Soil 146: 131-
136, 1992.

Rudolph, A.S., Crowe, J.H.,, Crowe, L.M.: Effect of three

550

stabilizing agents — proline, betaine and trehalose, on mem-
brane phospholipids. — Arch. Biochem. Biophys. 245: 134-
143, 1986.

Serraj, R., Drevon, J.J.: Effects of salinity and nitrogen source
on growth and nitrogen fixation in alfalfa. — J. Plant Nutr. 21:
1805-1818, 1998.

Sharma, S.K., Manchanda, H.R.: Relative performance of yel-
low sarson (Brassica rapa var. glauca) and toria (B. rapa var.
napus) grown at different salinity levels with different chlori-
de and sulphate ratios. — Indian J. agr. Sci. 67: 1-5, 1997.

Singab, A.N.: Acetylated flavonol triglycoside from Ammi
majus L. — Phytochemistry 49: 2177-2180, 1998.

Snedecor, G.W., Cochran, W.G.: Statistical Methods. 7" Ed. —
Iowa State Univ. Press, Ames 1980.

Storey, R., Ahmad, N., Wyn Jones, R.G.: Taxonomic and ecolo-
gical aspects of the distribution of glycinebetaine and related
compounds in plants. — Oecologia 27: 319-322, 1977.

Tester, M., Romola, D.: Na' tolerance and Na' transport in
higher plants. — Ann. Bot. 91: 503-527, 2003.

Tezara, W., Mitchell, V., Driscoll, S.P., Lawlor, D.W.: Effects
of water deficit and its interaction with CO, supply on the bio-
chemistry and physiology of photosynthesis in sunflower. — J.
exp. Bot. 5§3: 1781-1791, 2002.

Wenxue, W., Bilsborrow, P.E., Hooley, P., Fincham, D.A.,
Lombi, E., Forster, B.P.: Salinity induced differences in
growth, ion distribution and partitioning in barley between the
cultivar Maythorpe and its derived mutant Golden Promise. —
Plant Soil 250: 183-191, 2003.

Wolf, B.: A comprehensive system of leaf analysis and its use
for diagnosing crop nutrient status. — Commun. Soil Sci. Plant
Anal. 13: 1035-1059, 1982.

Wyn Jones, R.G.: Salt tolerance. — In: Johnson, C.B. (ed.): Phy-
siological Processes Limiting Plant Productivity. Pp. 271-292.
Butterworths, London — Boston — Sydney — Wellington —
Durban — Toronto 1981.

Wyn Jones, R.G., Storey, R.: Salt stress and comparative phy-
siology in the Gramineae: IV. Comparison of salt stress in
Spartina xtownsendii and three barley cultivars. — Aust. J.
Plant Physiol. 5: 839-850, 1978.

Yeo, A.R., Lee, K.-S., Izard, P., Boursier, P.J., Flowers, T.J.:
Short- and long-term effects of salinity on leaf growth in rice
(Oryza sativa L.). — J. exp. Bot. 42: 881-889, 1991.

Zidan, M.A., Elewa, M.A.: Effect of salinity on germination,
seeding growth and some metabolic changes in four plant
species (Umbelliferae). — Indian J. Plant Physiol. 38: 57-61,
1993.





