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ABSTRACT

Germination of grains, and changes in the soluble sugars and proline due to salt stress under three
temperatures in the germinating grains, of the local wheat cultivar (Doha) were studied. This cultivar

71



Changes in soluble sugars and proline in seedlings of a local wheat cultivar (Doha) due to the salt stress

proved resistant to salt stress during germination at both 15 and 20 °C as compared to 25 °C. In support (o
the above finding, chloride accumulated considerably in the wheat seedlings as sodiunt chloride increased
around the grains at 25 °C as compared to that accumulated at lower temperatures. Moreover, high
temperatures may cause further lowering in the water potential of salt solutions which might explain the
osmotic effect of salts. Proline accumulated substantially in the seedlings exposed to various levels of salt
stress, and its accumulation was linear with the increase in the concentration of NaCl. Temperature rise in
the growth chamber caused a considerable increase in the concentration of proline in the germinating
grains especially at high salt levels. Soluble sugars (TRV) and their components (DRV and sucrose)
diminished in the growing seedlings exposed to various levels of salt stress. Temperatures above 15 °C
caused significant sugar formation under all salt levels, which means that the degradation of starch stored
in the endosperm of grains was accelerated with the rise in temperature in the growth chamber. Reduction
in the TRV due to salt stress was accompanied with a considerable accumulation of proline. The possible
sources of the accumulated proline in the seedlings of the wheat plants during germination were discussed.
1. Introduction

The adverse effect of the extreme environmental stresses on the physiological and
biochemical aspects in various plants are well documented [1, 2, 3, 4, 5, 6]. However,
information about the response of plants living in the State of Qatar to salt stress and high
temperatures are scarce |7]. Metabolic changes due to these stresses may lead 10 deleterious
alterations in the germination, vegetative growth and productivity of many plants such as wheat,
barley and fenugreek [8, 9, 10, 11]. These changes include various aspects of physiology and
biochemistry such as reduction in the growth processes, osmotic adjustment, hormonal balance,
and the metabolism of nucleic acids, proteins and lipid |4, 12{. Solutes such as inorganic ions,
soluble sugars, proline and glycinebeataine have proved to be the most important solutes
contributing in the process of osmotic adjustment due to water stress and salinity |4, 6, 8, 13, 14,
15, 16]. During the period between seed germination and the seedling growth stage, plants are
dependent on the reserve substances that are stored in their seeds. In the present study the
changes in the soluble sugars and proline during germination of grains of the local wheat cultivar
{Doha) due to NaCl stress under three temperature regimes were investigated.

2. Materials and Methods
2.1 Plant material:

Gratins of the local wheat (Triticum aestivum 1..) cultivar (Doha) were kindly obtained
from the Department of Field Crop Research, Administration of Agriculture and Water Research,
Ministry of Municipality and Agriculture. Viability test for these grains showed that 95% of these
grains were viable. Before the germination test, healthy uniform grains were sterilized by 10 %
Clorox for 2-3 minutes, thoroughly rinsed with distilled water and were left to dry.

2.2 Preparation of salt solutions: ‘

Five salt levels (0, 10, 20, 30 and 40 dSm™") were used in the study. These levels were
prepared from a standard curve of sodium chloride concentrations (%) versus the electrical
conductivity (dSm™) of these solutions using a conductivity meter (model 4200 waterproof).

2.3 Germination studies:

Lots of 25 wheat grains (Doha cultivar) were placed in covered Petri dishes (Il cm
diameter) upon 2 layers of filter paper, and moistened either with 10 ml distilled water (Control)
or the salt solution. An extra filter paper was placed on the grains inside each Petri dish. All
treatments were replicated 4 times. Petri dishes were placed in a dark growth chamber (Sanyo.
Versalite Environmental Test Chamber, MLR - 350) at three temperatures (15, 20, and 25 °C) for
5 days. The following measurements were carried out for the germinated grains:

o The percentage germination was determined after 5 days of treatments.
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e The radicles mean length of wheat scedlings were determined (measuring the length of
radicles of 5 germinated grains in each replicate).
s Water absorption by germinating grains was determined in each replicate (gwater /
100 g grains) according the following equation:
weight of absorbed water
g water/ 100 g grains = x 100
initial weight

2.4 Chloride determination:

Germinated grains were placed in an oven at 85 © C for 3 — 4 days, and the plant materials
were ground using (Ultra Centrigugal Mill. Zm 100. Retsch Gmbh. Germany). Dry digestion
method using Muffle Furnace (Barnstead International, Tvpe 47900 & 48000) was adopted
followed by titration with stlver nitrate according to the procedure described by Chapman and
Pratt {17].

2.5 Proline Determination:

For proline determination, the method described by Bates e «l. |18] was adopted using
spectrophotometer (Jenway model 6405 UV/VIS). The concentration of proline was calculated
on the fresh weight basis using a standard curve.

2.6 Estimation of soluble sugars:

100 mg of oven dry and ground plant material was extracted with 5 ml of borate buffer
(28.63 g. boric acid + 29.8 g. KCI + 3.5 g. NaOH in a liter of hot distilled water). The mixture
was left to stand for 24 hrs, and the extract was centrifuged and filtered. The filtrate was used for
the determination of the direct reducing value, DRV (which includes all free monosaccharides),
and the total reducing value, TRV (which includes all soluble sugars). The procedure as
described by Nelson [19] and successfully followed by others |10, 16] was used.

For the TRV estimation, one ml of the borate extract was added to 0.5 ml invertase (1
%) and incubated at 37 ° C for 30 minutes. After the sucrose digested by invertase enzyme, TRV
was determined and the sucrose was estimated according to Nelson [10] formula: Sucrose =
(TRV — DRYV) * 0.95 [10]. The determination of all soluble sugars was in terms of glucose from
a prepared standard curve.

3. Results
3.1 Germination study:

The data shown in Figure (1) clearly illustrates that increasing salt concentration caused
great reduction in the germination percentages of grains of the wheat cultivar Doha. and that the
effect of salt was highly signifticant at the temperatures studied (p< 0.001). Grains ot the cultivar
Doha showed resistance to salt stress during germination at both 15 and 20 °C as compared to 25
°C. A 50 % reduction in the germination percentage was caused by the electrical conductivity
(EQC) of the sodium chloride solutions above 40 dSm™" at both 15 and 20 °C , whereas a salt level
of less than 30 dSm™ caused 50 % reduction in the germination percentage at 25 °C. It is very
probable that increase in temperature may lower the water potential of the same salt level which
would then decrease the germination percentage by osmotic stress.
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Figure (1). The effect of salt stress and temperature on the germination percentage of grains
of the wheat cultivar Doha after 5 days of treatment (vertical bars indicate standard
deviation).

Growth of seedlings, in terms of length of radicles, showed considerable reduction (p <
0.001) as the EC of the salt solution increased around the grains media (Table 1). The data
revealed that the growth of radicles was very sensitive to salt stress, since 50 % reduction in the
length of these radicles was observed at salt levels around 10 dSm'.

In spite of the great reduction in the germination percentages at 25 °C especially at high
salinity levels, it seems, however, that this temperature had a considerable promotive effect on
the growth of radicles (p < 0.001) after germination. Moreover, salt stress imposed by NaCl could
have an osmotic effect on the growth of seedling in addition to the specific ionic effect; since
water absorption showed a gradual decrease with increase salt concentration in the root
environment at the studied temperatures (Table 2). The temperatures of 20 and 25 °C
significantly favored water absorption at low salinity levels as compared to 15 °C (p < 0.001), but
there were no clear differences between water contents at the three temperatures at high salinity
levels.

Table (1). The effect of salt stress and temperature on the mean length of radicles (mm /
radicle) of germinated grains of the wheat cultivar Doha after 5 days of treatment.

Temperature °C
NaCl
dSm™ 15+ S.D. 20+ S.D. 25+ S.D.
Control 42.0+2.5 550+ 129 88.8 + 6.1
10 15.7+ 1.0 335+ 34 35.8+3.7
20 82 1.0 170+ 0.8 20.1£2.0
30 20+0.8 59+ 1.0 9.1 +4.1
40 * Not measurable | * Not measurable * Not measurable
Temperature P <0.001
Salt stress P <0.001
Interaction P <0.001

* mean radicle lengths about 1 mm
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Table (2). The effect of salt stress and temperature on the absorption of water (g water / 100
g grains) by seedlings of the wheat cultivar Doha after 5 days of treatment.

Temperature °C
NaCl
dSm™
15+S.D. 20+ S.D. 25+ S.D.
Control 102.7+229 140.7 £ 30.3 205.6 +23.3
10 773 £10.8 1241+ 73 1i18.9+22.1
20 565 + 1.5 67.8 + 4.8 583 £ 13.7
30 428 +1.8 453 + 3.4 448+ 4.2
40 40.2 +2.1 438 + 1.9 407+ 2.3
Temperature P <0.001
Salt stress P <0.001
Interaction P < 0.001

3.2 Chloride accumulation:

Chloride accumulated considerably in the germinated seedlings exposed to salt stress
imposed by NaCl (Figure 2), and the accumulation was linear with the increase in the
concentration of the salt. Equally increase in the temperature caused significant accumulation of
chloride in the growing seedlings at all salinity levels (p < 0.001).

However, the accumulation at 25 °C did not show any adverse effect on the growth of the
radicles of the growing seedlings. On the other hand, chloride accumulation might have had a
great influence on the decrease of the water potential of the germinating grains (water potential
becomes more negative) thereby contributing in the osmotic adjustment in seedling tissues.
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Figure (2). The effect of salt stress (imposed by NaCl) and temperature on the chloride
accumulation (mg g’ DW) in the seedlings of the wheat cultivar Doha after 5 days of
treatment. (vertical bars indicate standard deviation)

3.3 Accumulation of proline and sugar in seedlings:

Proline accumulated substantially (p< 0.001) in the seedlings exposed to various levels of
salt stress as shown in Table (3). There was a linear relationship between accumulation and the
increase in the NaCl concentration. It seems that a rise in the temperature in the growth chamber
causes considerable increase in the concentration of proline in germinating grains especially at
high salt levels.

Table (3). The effect of salt stress and temperature on proline accumulation (pg g"
FW) in the seedlings of the wheat cultivar Doha after 5 days of treatment.

Temperature °C
NaCl
dSm™'
15+S.D. 20+ S.D. 25+ S.D.
Control 1452 +14.3 1474493 142.7 +42.6
10 2362 +12.9 309.8+9.5 209.7 £14.4
20 301.2+33.2 351.1 £16.6 408.4 +8.8
30 331.1 £14.3 431.2+2.4 411.5 +68.3
40 3833 +11.4 484.5+15.4 462.7 +33.6
Temperature P<0.001
Salt stress P <0.001
Interaction P<0.01
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The data shown in Figure (3) revealed that the soluble sugars (TRV) diminished in the
growing seedlings exposed to various levels of salt stress. It is interesting to mention that
increasing temperature caused significant sugar formation which means that the degradation of
starch stored in the endosperm of the grains was accelerated with the increase in the temperature
in the growth chamber.

Fig. 3 (A) TRV
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Figure (3) The effect of salt stress and temperature on TRV (mg g‘lDW) and proline (pg g
FW) content in the seedlings of the wheat cultivar Doha after 5 days of treatment. (vertical
bars indicate standard deviation)

on the Other hand, Such reduction in the TRV was accompanied with the considerable
accumulation of proline (Figure. 3). Moreover, the great reduction in the contents of both DRV
and sucrose has contributed effectively in the magnitude of TRV with salt stress at the studied
temperatures (Table 4). It seems that both DRV content and sucrose concentration were highly
correlated. Linear regression was fitted between DRV as independent variable (X) with sucrose
as dependent variable (Y). The following linear equation was obtained:
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Sucrose (mg g”' DW) = 0.747 + 0.861 x DRV (mg g'DW), and the Correlation Coefficient (r)
of this relation was (r = 0.89). This means that monosaccharide and sucrose have had similar
effect in their contribution in determining the value of TRV.

4. Discussion

Reduction in the germination percentages of grains (or seeds) of most crop plants is a
common response when exposed to salt stress higher than 10 dSm™ [20, 21]. In fact sodium
chloride affects germination in two main ways: (a) osmotic effects by decreasing water uptake,
and (b) toxic effect (specific ionic effect) of the accumulating Na and Cl ions [12, 22, 23|. The
results obtained in the present study confirmed the osmotic effect of sodium chloride since water
absorption was decreased substantially with salt stress. Also, the considerable accumulated CI™
ions in the seedlings as the concentration of sodium chloride was increased around grains may
have toxic effect on the growth of the embryos of grains’ |24, 25]. Both osmotic and ionic effects
cause great reduction in the growth processes [26], thereby decreasing the germination
percentages and reducing the growth of radicles of seedlings [27, 28]. The reduction in the length
of radicles is attributed to the inhibition of both cell division and cell expansion. This is in
support of the finding that MI (Mitotic Index) in the radicles of the germinated grains of barley
showed gradual decrease as the NaCl concentration was increased in the germination medium
[27, 29]. Other possibilities for reduction in the growth of radicles under osmotic stress include:
(a) G| and G2 of the interphase were arrested, (b) reduction in the biosynthesis and / or
acceleration of degradation of nucleic acids, and (c¢) disturbance in the hormonal activity [4].

[ncreasing temperatures could have further reduction in the germination percentage with

salt stress possibly due to: (a) the water potential of the salt solutions might become more
negative with increase in temperature in the growth chamber, and (b) accumulation of ions such
as Na' and C| could have toxic effect of NaCl [25, 30]. However, chloride accumulation in the
seedlings, as observed in the present study, did not cause any further reduction in the growth of
radicles. On the contrary, the radicles were longer at 25 °C at all salinity levels as compared to the
other two temperatures (15 and 20 °C). It is interesting to mention that the wheat cultivar Doha
was developed to suit the local environmental conditions, and it could have been well adapted to
such conditions.Proline and soluble sugars changed substantially with the osmotic stress imposed
by NaCl in the germinated grains of the present study. Proline plays many roles in the physiology
and biochemistry in plants under various environmental conditions [4]. During germination of
grains, the following are the possible sources of proline that have been recognized:
(a) Degradation of carbohydrate followed by a transamination reaction of a-keto-glutaric acid to
produce glutamate (a precursor for proline) followed by series of reactions started with kinase
reaction [31]. However, such accumulation could be accelerated by darkness [32]. In fact, during
dark incubation of the wheat grains, it seemed that the main source of proline came from the
degradation of starch stored in the endosperm of grains.

(b) The rapid degradation of protein during germination under stress conditions could be another
source of proline [33]. Moreover, glutamate and arginine can be formed after the degradation of
the protein stored in the aleurone layer of wheat grains followed by series of reactions to build
proline [4, 34]. In a previous study on some barley cultivars ([27], it was suggested that protein
degradation under salt stress could be insufficient to explain the high concentrations of proline
found in the germinating grains. Thus, during the germination stage there was a requirement for
carbohydrate to provide the carbon skeleton for proline accumulation more than that released by
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Table (4) The effect of salt stress and temperature on the DRV content and sucrose
formation (mg g DW) in the seedlings of the wheat cultivar Doha after 5 days of treatment.

NaCl DRV Sucrose
dSm™
15°C+£S.D. | 20°C+£8S.D.  25°C+S8S.D. | 15°C+£8.D. | 20°C+8.D. | 25°C+=S8.D.
Control 8.93 + 1493+1.27 | 21.74 + 1 13.60+£3.02 | 14.00+1.02 18.70 =
1.01 448 425
10 7434133 | 11.60+1.14 ]| 1202+0.72 | 8.08+£2.39 | 11.52+1.58 | 9.73+2.49
20 407+ 1.19 | 10.07£3.86 | 9.04+0.14 | 6.81x1.52 5.13+2.07 | 10.93+1.29
30 293£0.58 | 5.67+0.84 573£0.70 | 2.61£0.90 6.73 % 1.35 3.10+0.17
40 2344029 | 4.19+090 | 4.50%1.13 1.40+0.78 3.72+0.85 2.95+ 1.65
Temperature P<0.001 P < 0.001
Salt stress P<0.001 P <0.01
Interaction P<0.001 P <0.01

proteolysis to build proline |35]. The data of the present study showed that all soluble sugars
were diminished in the germinating grains under different temperatures which were accompanied
by substantial accumulation of proline. In fact proline concentration was inversely related with
concentration of soluble sugars (TRV) under different temperatures (see Figure 3). Linear
regression was fitted between TRV as independent variable (X) with proline as dependent
variable (Y). The following linear equation was obtained:

Proline (ug g’ FW) = 462.35 - 8.73* TRV (mg g'DW), and the Correlation Coefficient (r)
of this relation was (r = - 0.76).

(c) It is possible that the reduction of the cell size under salt stress [26] could lower the osmotic
potential by increasing the concentration of solutes in a limited volume which might play a role

in the increasing concentration of proline [36, 37}.

REFERENCES

[1] Levitt, J. (1980). Responses of plants to environmental stresses. Vol.II2™. Ed. Academic
press, New York.

[2] Paleg, L. G. and Aspinall, D. (1981). The physiology and biochemistry of drought resistance
in plants. Academic Press. N.Y.

[3] Hanson, A. D. and and Hitz, W. D. (1982). Metabolic responses of mesophytes to plant water
deficits. Ann. Rev. Plant Physiol. 31: 163 — 2023.

[4] Yasseen, B. T. (1992). Physiology of water stress in plants. University of Mosul University
Press, Iraq.

79



Changes in soluble sugars and proline in seedlings of a local wheat cultivar (Doha) due to the salt stress

[5] Nilsen, E. T, and Orcutt, D. M. (1996). Physiology of plants under stress. Abiotic Factors.
John Wiley& Sons, Inc. N.Y.

[6] Orcutt, D. M. and Nilsen, E. T. (2000). Physiology of plants under stress. Soil and Biotic
Factors. John Wiley& Sons, Inc. N.Y.

[71 Yasseen, B. T. (2001). Preliminary assessment of pollution due to faulty sewage system in
north of Sana’a republic of Yemen. Dirasat, Engineering Science . 28(1): 89 — 96.

[8] Yasseen, B. T. (1983). An analysis of the effects of salinity on leaf
growth in Mexican wheats. Ph. D. thesis. The University of Leeds. UK.

[91 Yasseen, B. T. and Al-Omary, S. S. (1994). An analysis of the effects of
water stress on leaf growth and yield of three barley cultivars. Irrig. Sci. 14: 157 - 162.

[10] Alhadi, F. A., Yasseen, B. T. and Al-Dubaie, A. S. (1997). Changes in

carbohydrate and nitrogen fractions during germination of fenugreek (Trigonella foenum-
graecum 1..) seeds presoaked in GAj;, growing under different osmotic potentials. Qatar Univ.
Sei. J.17(2): 271 -279.

[11] Igbal, R. M. (2003) Growth physiology of spring wheat under saline conditions. Asian
Journal of Plant Sciences. 2(17 —24): 1156 — 1161.

[12] Yasseen, B. T. (2005). Possible ionic effects of NaCl on two Mexican wheat cultivars.
Qatar Univ. Sci. J. 28 (in press).

[13] Flowers, T. J., Troke, P. F. and Yeo, A. R. (1977). The mechanism of salt tolerance in
halophytes. Ann. Rev. Plant Physiol. 28: 89 — 121.

[14] Greenway, H. and Munns, R. (1980). Mechanisms of salt tolerance in nonhalophytes. Ann.
Rev. Plant Physiol. 31: 149 — 190.

[15] Hare, P. D., Cress, W. A. and Van Staden, J. (1998). Dissecting the roles of osmolyte
accumulation during stress. Plant, Cell and Environment. 21: 535 — 553.

[16] Alhadi, F. A., Yasseen, B. T. and Jabr, M. (1999).Water stress and gibberellic acid effects on
growth of fenugreek plants. Zrrig. Sci.18: 185 — 190.

[17] Chapman, H. D. and Pratt, P. F. (1961). Methods of analysis for soils, plants and waters.
Div. Agr. Sci. Univ. Calif. Berkeley, California.

[18] Bates, L. S., Waldren, R. P, and Teare, 1. D. (1973). Rapid determination of free proline for

water — stress studies. Plant and Soil.
39: 205 - 207.

80



Yasseen, B. T., Almuhannady, A., Al-Marri, F. and Al-Hemiary, H.

[19] Nelson, N. (1944). A photometric adaptation of Somogi method. for the determination
glucose. .J. Biol. Chem. 153: 275 — 380.

[20] Al-Helal, A. A. and Al-Hubashi, 1. (1995). Effect of interaction between sodium chloride
and temperature on germination of rice grains from Saudi Arabia. Arab Gulf J. Scient. Res. 13:
583 - 590.

[21] Al — Helal, A. A. (2000). Physiology of plants under the stresses of Drought and salts. King
Suad Univ. Scientific Publication and Press. KSA.

[22] Waisel, Y. ( 1972 ). Biology of halophytes. Academic press. New York And London.

[23] Kingsbury, R. W., Epstein, E. and Pearcy, R. W. (1984). Physiological responses to salinity
in selected lines of wheat. Plant Physiol. 7: 417 — 423.

[24] Jennings, D. H. (1976). The effect of sodium chloride on higher plants. Biol. Rev. 51:
453 - 486.

[25] Naseer, S. (2001). Response of barley (Hordeun vulgare L.) at various growth stages to salt
stress. Online Journal of Biological Sciences. 1(5): 326 — 329.

[26] Yasseen, B.T., Jurgees, J. A. and Sofajy, S. A .(1987a) .Changes in Some growth processes
induced by NaCl in individual leaves of two barley cultivars. Indian J. Plant physiology.
30: 1-6.

[27] Yasseen, B.T., Shehab, E. M., and Yahya, R. A. (1989). Cytological And physiological
studies of the effect of sodium chloride on Growth processes and proline accumulation in the
germinating seeds of barley. Mesopotamia J. of Agric. 21(1): 237-248.

[28] Yasseen, B.T., Yahya, R. A. and Shehab, E. M. (1991). Studies on the Seed germination of
Gundelia rosea. Iraqi J .of Sci. 32 (1): 149-157.

[29] Avilova, L. D. and Matukhin, G. R. (1967). Changes in mitotic activity in the roots of plants
under salting the soil. Cyfology. 9: 478 — 480.

[30] Yasseen, B. T. (1982). Absorption of water and chloride accumulation under the influence
of salinity — Temperature interaction Safflower, Carthamus tinctorius germination. Raf. J. Sci.
5(1): 107 - 117.

[31] Stewart, C. R., Morris, C. J., Thompson, J. F. (1966). Changes in amino acid content of
excised leaves during incubation .I. Role of sugar in the accumulation of proline in wilted leaves.

Plant Physiol. 41: 1585 — 1590.

[32] Singh, T. N., Aspinall, D., Paleg, L.. G. and Boggess, S. F.(1973). Stress metabolism. II.
Changes in proline concentration in excised plant tissues. Aust. J. Biol. Sci. 26: 57 - 63

81



Changes in soluble sugars and proline in seedlings of a local wheat cultivar (Doha) due to the salt stress

[33] Rao, A. S. and Nainawatee, H. S. (1980). Water stress associated proline accumulation in
wheat seedlings. Haryana Agric. Uneversity J. Res. 10(3): 365 - 368

[34] Dierks Ventling, C. and Tonelli, C. (1982). Metabolism of proline, glutamate and ornithine
in proline mutant root tips of Zea mays (L.). Plant Physiol. 69: 130 - 134

[35] Stewart, C. R. (1981). Proline accumulation: biochemical aspects. In:The physiology and
Biochemistry of Drought Resistance in Plants.(eds. Paleg, L. G. and Aspinall, D.). Academic
press, Sydney, pp. 243 - 259

[36] Buhl, M. B. and Stewart, C. R.(1983). Effects of NaCl on proline synthesis and utilization
in excised barley leaves. Plant Physiol. 72: 664 - 667

[37] Yasseen, B. T., Mohammad, H. A. and Sulaiman, E. D. (1987b). Growth of prophyll and

proline accumulation due to salt stress in three barley cultivars. fraqi J. of Agricultural Sciences
(Zanco). 5(2): 155 - 166

82





