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The present study aims to investigate the effects of osmotic water potential, (Ψs), 

temperature (T) and zinc (Zn) addition to the seed incubation medium to evaluate the 

effects of their interactions on the germination processes of seeds in three plant species 

of different ecological affiliation. These species were namely: Senna alexandrina Mill, 

Senna italica Mill (native to hot deserts) and Senna occidentalis (L.)Link (a wild 

mesophytic plant). Conversions of potentially water soluble (storage) carbon 

metabolites in storage organs of seeds into soluble forms and allocation into the 

embryonic axis which contribute to osmotic potential adjustment were studied. 

Addition of zinc improved the adjustment of radicles to water deficiency conditions 

through increasing the allocation of water soluble metabolites into the radicles and 

hence increasing the osmotic potentials of radicles. Also, zinc induced additional 

adaptation of the plants to extreme temperatures through increasing total osmotically 

active metabolic fractions in the radicle. The statistical analysis indicated that, the 

trifactorial interaction (Ψs x T x Zn) exhibited the major effect on the metabolic 

conversions in the three species. 
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INTRODUCTION 

A laboratory experiment on the separate effects of single factors is 

majority not indicative of their actual effect under field natural condition, 

ignoring the interactions among such factors acting together. Accordingly, 

treatment combinations of such factors are necessary to evaluate the effect 

of each factor and their interactions based on suitable experimental design 

[1]. The present work aimed to compare germination response of three 

Senna species, of different affiliations, to variation in temperature (T), 

reduced osmotic water potential (ψs) and zinc (Zn) concentration in the 

medium. The response is concerned with changes in hydrolysable 

carbohydrates (HC) and soluble sugars (SS) content of germinating seed 

organs , as components of osmotic adjustment to stress. 
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Metabolic activation is involved in the induction of germination in 

dormant seed. Environmental stresses lead to major alteration in 

carbohydrate metabolism [2,3]. The accumulated solutes in plants during 

water stress and contribute to active osmotic adjustment can be soluble 

carbohydrates, inorganic cations, organic acids or free amino acids [4,5]. 

High temperatures affect carbon metabolism not only by reducing 

photosynthesis but also by accelerating carbon losses. When temperature 

rises above the temperature compensation point (the temperature value at 

which the amount of CO2 released by respiration equals the amount of fixed 

CO2), more CO2 is used as substrate for respiration than what 

photosynthesis can fix into carbohydrates [6]. Zinc deficiency is the most 

widespread micronutrient deficiency in the world [7].  During seed 

germination, Zn concentration of newly developed radicle and coleoptile is 

an extremely high, indicating critical physiological role of Zn during early 

seedling development [8]. 

MATERIALS AND METHODS 

Seeds of three Senna species belonging to ecologically different 

habitats were investigated. These are: Senna alexandrina Mill (Cassia 

senna). Sennaitalica Mill. (Cassia italica) and Senna occidentalis (L.) Link. 

Preliminary germination tests performed before experimentation indicated a 

high germination percentage, reaching about 100% in these seeds; Senna 

italica seeds have naturally hard coats which therefore cause their dormancy. 

To induce germination in such case, special pretreatments were required, 

without which these seeds failed to attain the proper germination percentage. 

The mechanical scarification, by scratching the seed coats with the aid of 

abrasives, was found sufficient to ensure nearly 100% germination. 

 Adjustments of Incubation Temperatures: 

Incubators with air circulation which allow control of temperature 

between 15°C and 35°C were used in testing temperature effect on 

germination. The incubators were kept constantly dark during the period of 

incubation. The tests were run at:  15°C, 20°C, 25°C, 30°C and 35°C. 

 Adjustments of Simulated Reduced Osmotic Water Potential, Ψs and 

Zinc Concentration (Zn):- 

The effect of decreased osmotic water potential on germination was 

simulated by using sodium chloride + calcium chloride solutions as 

substrate media for germinating seeds. Solutions having different water 

potentials, ψs , were prepared by dissolving certain amounts of sodium 

chloride (NaCl + calcium chloride (CaCl2) in water, according to 
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preconstructed calibration curves, keeping the sodium adsorption ratio 

(SAR) constant (1/8). Solutions having different water potentials with zinc 

(ψs+ Zn), were prepared by dissolving certain amounts of NaCl + CaCl2 in 

zinc solution. The treatment solutions prepared thus are of certain levels of 

treatment combinations. Seeds were exposed to the following range of 

osmotic potentials: 0, -0.3, -0.7, -1.0, -1.5 MPa. For each species, another 

series of zinc solutions (0, 2, 5 and 8 ppm) at the same different levels of 

osmotic water potential. (ψs+ Zn ) were prepared. The highest stress level 

for each seed kind represents the maximum tolerance limit (Least 

germination) as revealed by preliminary tests.  Sets of 4 Petri-dishes were 

randomly assigned to each osmotic potential (ψs) level with or without zinc, 

then incubated at the specific temperatures as explained before.    In order to 

have the data comparative under different conditions, incubation was 

terminated after 15 days of sowing, a period long enough to cover any delay 

of germination due to stress especially at low water potential levels or 

extreme temperature treatments. 

For extraction, the radicle, hypocotyl and storage tissue were excised, 

washed rapidly in distilled water and rapidly dried between filter paper 

layers. The excised organs were then weighed, immediately crushed and 

extracted in 10 ml of ice-cold distilled water [9]. The extracts were kept in 

deep freeze until the time of analysis for   water soluble carbon metabolites. 

Determination of carbon metabolites: 

Soluble sugars and hydrolysable carbohydrates were determined 

according to Dubois et al. [10] and Pucher et al. [11], respectively. 

Statistical analysis:     

The significance of the effects of single factors and their interactions 

were determined by analysis of variance. Based on the significance status, 

the magnitudes of the relative effect of each single factor and its interaction 

was determined by using the coefficient of determination (importance value, 

η
2
), which is considered a test used to indicate the degree of control of each 

factor and its interaction on the tested parameters [12,13] as applied by El-

Sharkawi and Springuel [14]. 

Results 

Generally, soluble sugars were higher in S. occidentalis than that in 

case of both S. alexandrina and  S. italica, whereas hydrolysable 

carbohydrates have maximum values in S. alexandrina. 
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1- Senna alexandrina 

In S. alexandrina, it is noticed that low zinc concentration   (2 ppm) 

induced an increase in soluble sugars content at temperatures 15
o
C and 25

o
C 

at osmotic water potentials 0 and -1.5 MPa, respectively. The soluble sugars 

reached a maximum value(41.0 mg.g
-1

dry wt.) with Zn concentration 5 ppm 

at extreme temperature 35
o
C at moderate osmotic water potentials (-0.7 

MPa). In the absence of zinc, there was an increase in soluble sugars content 

at 25
o
C with low osmotic water potential   (-1.5 MPa) (Figure 1). The same 

was observed with high zinc concentration (8 ppm) but at high osmotic 

water potential (0 MPa). 

It's quite obvious that, zinc addition helped in translocation of soluble 

sugars from storage tissue to the embryonic axis especially in radicle which 

showed the largest proportion at all temperatures tested (15-35
o
C). Under 

high water stress (-1.5 MPa), translocation of soluble sugars was greatly 

allocated toward the embryonic axis at both moderate Zn and temperature 

levels (Figure 2). 

r = radicle c = storage tissue

Figure 13: Total content of soluble sugars (SS) in germinating Senna alexandrina  seeds at different osmotic  potentials (Ys), temperatures (T) and zinc (Zn)concentrations
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r = radicle c = storage tissue

Figure 13: Total content of soluble sugars (SS) in germinating Senna alexandrina  seeds at different osmotic  potentials (Ys), temperatures (T) and zinc (Zn)concentrations
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Figure (1): Total content of soluble sugars (SS) in germinating Senna alexandrina seeds at different 

osmotic water potentials (Ys), temperatures (T) and zinc (Zn) concentrations. 
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r = radicle h = hypocotyl c = storage tissue

Figure 14 :Relative distribution of soluble sugars (SS) in germinating Senna alexandrina  seed organs at different osmotic  potentials (Ys), 

temperatures (T) and zinc (Zn) concentrations 
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     r = radicle                     h = hypocotyl                     c = storage tissue 

Figure (2): Relative distribution (as %) of soluble sugars (SS) in Senna alexandrina seed 

organs at different osmotic water potentials (Ys), temperatures (T) and zinc 

(Zn) concentrations. 

In S. alexandrina, (Figure 3), in the absence of zinc, hydrolysable 

carbohydrates (HC) reached a maximum peak (101.0mg.g
-1

dry weight) at 

the highest temperature 35
o
C with low osmotic water potential (-1.0 MPa). 

Zn concentrations 2 – 5 ppm induced the increase of hydrolysable 

carbohydrates at temperature 25
o
C with osmotic water potential -1.5 & -0.7 

MPa, respectively. Apparently, high zinc concentration (8 ppm) induced an 

increase in hydrolysable carbohydrates at a wide range of temperatures (15, 

20 and 25
o
C). 

The relative distribution of hydrolysable carbohydrates indicated that 

both radicle and hypocotyl competed for hydrolysable carbohydrates sort 

out of storage tissue both in absence and presence of zinc at all temperatures 

and osmotic water potentials. Exceptionally, at zinc concentration 5 ppm 

with osmotic water potential -0.3 MPa the storage tissue retained a larger 

share than the embryonic axis at temperature 35
o
C. In general, the 

hydrolysable carbohydrates in the embryonic axis gradually decreased with 

the increase in water stress (Figure 4). 
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r = radicle h = hypocotyl c = storage tissue

    Figure : Total content of hydrolysable carbohydrates (HC) in germinating Senna alexandrina seeds at different osmotic  potentials (Ys), 

temperatures (T) and zinc (Zn)concentrations
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r = radicle h = hypocotyl c = storage tissue

    Figure : Total content of hydrolysable carbohydrates (HC) in germinating Senna alexandrina seeds at different osmotic  potentials (Ys), 

temperatures (T) and zinc (Zn)concentrations
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Figure (3): Total content of hydrolysable carbohydrates (HC) in germinating Senna 

alexandrina seeds at different osmotic water potentials (Ys), temperatures (T) 

and zinc (Zn) concentrations. 

r = radicle h = hypocotyl c = storage tissue

Figure 18:Relative distribution of hydrolysable carbohydrates(HC) in germinating Senna alexandrina seed organs at different osmotic

 potentials (Ys), temperatures (T) and zinc (Zn) concentrations 
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r = radicle                h = hypocotyl                   c = storage tissue 

Figure (4): Relative distribution (as %) of hydrolysable carbohydrates (HC) in Senna 

alexandrina seed organs at different osmotic water potentials (Ys), 

temperatures (T) and zinc (Zn) concentrations. 
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All single factors and their interactions had highly significant effect on 

soluble sugars content (except zinc in case of hypocotyls) and hydrolysable 

carbohydrates content in seedling organs (Tables 1&2). In all organs, the 

interaction  (Ψs x T x Zn) exhibited the major effect and the interaction (Ψs 

x T) showed the sub-dominant role. 

2- Senna italica 

In S. italica, (Figure 5), there was a remarkable increase in soluble 

sugars content at low temperature (15
o
C) with all zinc concentrations and at 

high stress levels. This increase in soluble sugars tended to a maximum 

(52.0 mg.g
-1

 dry weight) in the absence of Zn. Besides, high zinc 

concentration (8 ppm) induced an increase in soluble sugars content at 35
o
C 

with relatively low and high osmotic water potentials (-1.5 and 0 MPa, 

respectively). While, at 25
o
C an increase in soluble sugars was found under 

high water stress and relatively low Zn concentration. 

r = radicle h = hypocotyl c = storage tissue

   Figure 14: Total content of soluble sugars (SS) in germinating Senna italica  seeds at different osmotic  potentials (Ys), temperatures (T) and

 zinc (Zn)concentrations
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r = radicle h = hypocotyl c = storage tissue

   Figure 14: Total content of soluble sugars (SS) in germinating Senna italica  seeds at different osmotic  potentials (Ys), temperatures (T) and

 zinc (Zn)concentrations
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Figure (5): Total content of soluble sugars (SS) in germinating Senna italica seeds at 

different osmotic water potentials (Ys), temperatures (T) and zinc (Zn) 

concentrations. 

Allocation of soluble sugars content in seeds organs (Figure 6) was 

more in the embryonic axis (especially in hypocotyls) than in the storage 

tissue with different osmotic water potentials and zinc levels. Soluble sugars 

tended to a maximum percent (63%) in storage tissue at temperature 30
o
C, 

with low zinc concentration (0-2 ppm), whereas the hypocotyl gained the 

highest proportion at 8ppm under low osmotic water potential (-1.5 MPa). 
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Under high temperature (35
o
C) and Zn 8 ppm there was a remarkable 

increase in soluble sugars in the embryonic axis, particularly in radicle. 

r = radicle h = hypocotyl c = storage tissue

       Figure 15 :Relative distribution of soluble sugars (SS) in germinating Senna italica  seed organs at different osmotic  potentials (Ys),

 temperatures (T) and zinc (Zn) concentrations 
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             r = radicle                h = hypocotyl                   c = storage tissue 

Figure (6): Relative distribution (as %) of soluble sugars (SS) in germinating Senna italica 

seed organs at different osmotic water potentials (Ys), temperatures (T) and 

zinc (Zn) concentrations. 

In S. italica, a remarkable increase in hydrolysable carbohydrates (32.0 

mg.g
-1

 dry weight) was noticed (Figure 7) in the absence of zinc at low 

temperature (15
o
C) with low osmotic water potential (-1.5 MPa). Low zinc 

concentration (2 ppm) showed two peaks at 25
o
C: one at -0.7 and the other 

at -1.5  MPa. At high Zn concentration (8 ppm), 20
o
C and 35

o
C induced the 

increase in hydrolysable carbohydrates content both at high and low osmotic 

water potential levels (0 and-1.5 MPa). Additionally, an increase in 

hydrolysable carbohydrates was observed at low temperature with zinc 

concentrations 5 and 8ppm both in absence of stress (0 MPa). 

In the absence of zinc, increased osmotic water potentials lead to 

increase in the hydrolysable carbohydrates content in the embryonic axis, 

where the hypocotyl contained larger proportion at temperatures (15 - 

30
o
C), while radicle gained the larger proportion at high temperature 35

o
C. 

At optimum temperatures 25 and 30
o
C the storage tissue gained the larger 

share than the embryonic axis in the absence of zinc with osmotic water 

potentials -0.7 and -1.5 MPa, respectively. In general, addition of zinc 

increased hydrolysable carbohydrates towards the embryonic axis rather 

than the storage tissue at all temperatures and osmotic water potentials. 
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Exceptionally, at high Zn concentration (8 ppm) storage tissue conserved a 

larger proportion with 30
o
C under high osmotic water potential (Figure 8) 

   

r = radicle h = hypocotyl c = storage tissue

  Figure : Total content of hydrolysable carbohydrates (HC) in germinating Senna italica  seeds at different osmotic  potentials (Ys), 
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r = radicle h = hypocotyl c = storage tissue

  Figure : Total content of hydrolysable carbohydrates (HC) in germinating Senna italica  seeds at different osmotic  potentials (Ys), 
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Figure (7): Total content of hydrolysable carbohydrates (HC) in germinating  Senna italica 

seeds at different osmotic water potentials (Ys), temperatures (T) and zinc (Zn) 

concentrations. 

r = radicle h = hypocotyl c = storage tissue

Figure 18:Relative distribution of hydrolysable carbohydrates(HC) in germinating Senna italica  seed organs at different osmotic 

potentials (Ys), temperatures (T) and zinc (Zn) concentrations 
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Figure (8): Relative distribution (as %) of hydrolysable carbohydrates (HC) in germinating 

Senna italica seed organs at different osmotic water potentials (Ys), 

temperatures (T) and zinc (Zn) concentrations. 

 

All single factors showed significant effects in the three organs with 

few exceptions (Tables 1&2). According to η
2
 values, temperature played 
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the dominant role on soluble sugars and hydrolysable carbohydrates in 

different seed organs, except the interaction (Ψs x T x Zn) was the dominant 

in affecting hydrolysable carbohydrates content of radicle and played the 

sub-dominant role in both the hypocotyl and storage tissue.  

3- Senna occidentalis 

In S. occidentalis, it was observed that low Zn concentration (2 ppm) 

induced an increase in soluble sugars content (51.0 mg.g
-1

 d. wt.) at 

temperatures 15
o
C - 25

o
C under moderate osmotic water potentials. At 

temperature 25
o
C, soluble sugars reached a peak (36.0 mg.g

-1
 dry weight) 

with high Zn concentration (8 ppm) at -0.7 MPa. In the absence of both 

water stress and zinc there was a remarkable increase in SS (40.0 mg.g
-1

 dry 

weight) of whole seedlings at 20
o
C (Figure 9).  

r = radicle h = hypocotyl c = storage tissue

    Figure 15: Total content of soluble sugars (SS) in germinating Senna occidentalis  seeds at different osmotic  potentials (Ys), 
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r = radicle h = hypocotyl c = storage tissue

    Figure 15: Total content of soluble sugars (SS) in germinating Senna occidentalis  seeds at different osmotic  potentials (Ys), 
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Figure (9): Total content of soluble sugars (SS) in germinating Senna occidentalis seeds at 

different osmotic water potentials (Ys), temperatures (T) and zinc (Zn) 

concentrations. 

The relative distribution of soluble sugars in S. occidentalis seedling 

organs is shown in (Figure 10). It is noticed that, soluble sugars increased in 

the embryonic axis at different osmotic water potentials with different zinc 

concentrations, especially at the temperature range 15- 25
o
C. While at high 

temperatures it was found that, soluble sugars were relatively higher in the 

storage tissue. 
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r = radicle h = hypocotyl c = storage tissue

    Figure 16 :Relative distribution of soluble sugars (SS) in germinating Senna occidentalis  seed organs at different osmotic  potentials (Ys), 

temperatures (T) and zinc (Zn) concentrations 
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Figure (10): Relative distribution ( as %) of soluble sugars (SS) in germinating Senna 

occidentalis seed organs at different osmotic water potentials (Ys), 

temperatures (T) and zinc (Zn) concentrations.    

In case of hydrolysable carbohydrates (Figure 11), the absence of zinc 

stimulated a peak at temperatures 20 and 25
o
C with osmotic water potentials 

(0 and -1 MPa, respectively). At the same temperatures hydrolysable 

carbohydrates were enhanced with low zinc concentration (2 ppm) and 

relatively high osmotic water potential (-0.3 MPa). At low temperature 

(15
o
C), moderate zinc concentration (5 ppm) induced an increase in 

hydrolysable carbohydrate contents (59.0 mg.g
-1

 d. wt.) at -0.3 MPa. The 

same pattern was observed at optimum temperature (25
o
C) but with osmotic 

water potential -0.7 MPa. High Zn concentration (8 ppm) yield a remarkable 

increase in hydrolysable carbohydrates content under high water potentials. 
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r = radicle h = hypocotyl c = storage tissue

   Figure : Total content of hydrolysable carbohydrates (HC) in germinating Senna occdentalis seeds at different osmotic  potentials (Ys), 

temperatures (T) and zinc (Zn)concentrations

0

-0.3

0.7

-1

-1.5
15

20
25

30
35

0

5

10

15

20

25

30

35

T°C

Zn = 0

Ys (MPa)

T
o

ta
l H

C
 (

m
g

/g
 d

ry
 w

t)

0

-0.3

0.7

-1

-1.5
15

20
25

30
35

0

5

10

15

20

25

30

35

40

T°C

Zn =2

Ys MPa)

T
o

ta
l H

C
 (

m
g

/g
 d

ry
 w

t)
0

-0.3

0.7

-1

-1.5
15

20 25
30

35

0

10

20

30

40

50

60

Ys MPa)

T
o

ta
l 

H
C

 (
m

g
/g

 d
ry

 w
t)

T°C

Zn = 5

0

-0.3

0.7

-1

-1.5
15

20
25

30
35

0

5

10

15

20

25

30

35

T°C

Zn = 8

Ys (MPa)

T
o

ta
l H

C
 (

m
g

/g
 d

ry
 w

t)

 
r = radicle h = hypocotyl c = storage tissue

   Figure : Total content of hydrolysable carbohydrates (HC) in germinating Senna occdentalis seeds at different osmotic  potentials (Ys), 

temperatures (T) and zinc (Zn)concentrations
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Figure (11): Total content of hydrolysable carbohydrates (HC) in germinating Senna 

occdentalis seeds at different osmotic water potentials (Ys), temperatures (T) 

and zinc (Zn) concentrations. 

For relative distribution of hydrolysable carbohydrates in the three 

organs, absence of zinc lead to an increase in hydrolysable carbohydrates 

content in the embryonic axis, particularly the radicle at all temperatures 

and water stress levels (Figure 12). At optimum temperature (25
o
C) and 

moderate zinc concentration (5 ppm), the storage tissue maintained the 

largest proportion of hydrolysable carbohydrates particularly at high and 

moderate osmotic water potential levels. Comparatively, it is observed that 

in S. italica and S. occidentalis, total hydrolysable carbohydrates increased 

more at low and moderate temperatures (15 - 25
o
C). 

All single factors and their interactions showed significant effects on 

soluble sugars and hydrolysable carbohydrates content in the three seedling 

organs (Tables 1 & 2). The interaction (Ψs x T x Zn) played the predominant 

role in the three organs. The temperature and/or the interaction (Ψs x T) 

showed a sub-dominant effect.     In the three organs, it is observed that the 

interaction (Ψs x T x Zn) exhibited  the dominant role in allocation of 

soluble sugars and hydrolysable carbohydrates in the germinating S. 

alexandrina and S. occidentalis seeds; whereas, temperature was the 

dominant factor in hypocotyl of S. italica. 
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r = radicle h = hypocotyl c = storage tissue

Figure 18:Relative distribution of hydrolysable carbohydrates(HC) in germinating Senna occidentalis  seed organs at different osmotic 

potentials(Ys), temperatures (T) and zinc (Zn) concentrations 
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Figure (12): Relative distribution (as %) of hydrolysable carbohydrates (HC) in 

germinating Senna occidentalis seed organs at different osmotic water 

potentials (Ys), temperatures (T) and zinc (Zn) concentrations. 

Table (1): F& η
2
 values for the effect of temperature (T), zinc (Zn), osmotic 

s) and their interactions    on soluble sugars of 

seedling organs in investigated Senna species. 

     * Significant at P< 0.05                                                     ** Significant at P< 0.01 

Species  
S. alexandrina S. italica S. occidentalis 

Radicle Hypocotyl cotyledon Radicle Hypocotyl cotyledon Radicle Hypocotyl cotyledon 

Source 

of 

variance 

D 

F 
F η2 F η2 F η2 F η2 F η2 F η2 F η2 F η2 F η2 

T 4 30.05** 0.10 3.35* 0.05 39.84** 0.16 69.88** 0.58 206.48** 0.78 74.93** 0.59 27.05** 0.21 15.78** 0.16 31.24** 0.18 

Zn 3 12.01** 0.03 1.24 0.01 18.28** 0.06 4.00** 0.02 3.99** 0.01 1.63 0.01 1.10 0.006 2.92* 0.02 7.02** 0.03 

s ×T 16 19.45** 0.26 4.01** 0.24 13.46** 0.22 1.80* 0.06 4.64** 0.07 2.29** 0.07 5.78** 0.18 4.82** 0.2 7.99** 0.18 

s × Zn 12 9.56** 0.09 2.57** 0.12 8.76** 0.11 1.86* 0.05 0.80 0.009 2.54** 0.06 3.06** 0.07 1.98* 0.06 5.09** 0.09 

T× Zn 12 13.34** 0.13 2.22* 0.10 6.30** 0.08 6.49** 0.16 3.41** 0.04 3.11** 0.07 3.87** 0.09 2.41** 0.07 3.22** 0.06 

s ×T× 

Zn 
48 9.07** 0.36 2.34** 0.43 6.42** 0.32 1.19 0.12 1.38 0.06 1.76** 0.17 2.69** 0.25 2.77** 0.34 4.18** 0.29 
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Table (2): F& η
2
 values for the effect of temperature (T), zinc (Zn), osmotic 

s) and their interactions   on hydrolysable 

carbohydrates of seedling organs in investigated Senna species. 

* Significant at P< 0.05                                           ** Significant at P< 0.01 

DISCUSSION 

Total soluble sugar levels must be closely regulated in germinating 

seeds to ensure an adequate supply of energy and building materials for 

developing seedling.  Levels of starch and soluble sugar mobilization are 

dependent on plant species considered, being more expressive during the 

early or late stages of seed germination [15,16]. It was observed that in S. 

alexandrina and S. occidentalis, soluble sugars content decreased with 

osmotic water potential reduction (except at 25
o
C in S. alexandrina). Salt 

stress has been reported to limit the mobilization of starchy endosperm 

reserves in several species, as a result of inhibition of different enzymatic 

activities [17,18].  In S. italica, it was clearly noticed that, there was an 

increase in soluble sugar content with low osmotic water potential at high 

zinc concentration. The maximum content of soluble sugars was found to be 

at 15
o
C in seedlings of S. italica and S. occidentalis with low zinc 

concentrations. This suggests that, zinc addition seems to induce adjustment 

to sub-optimal temperatures through increasing the total amounts of 

metabolites in organs and improvement of seedling growth. On the other 

hand, the maximum increase in soluble sugars of S. alexandrina was found 

S. alexandrina S. italica S. occidentalis 

Radicle Hypocotyl cotyledon Radicle Hypocotyl cotyledon Radicle Hypocotyl cotyledon 

F η2 F η2 F η2 F η2 F η2 F η2 F η2 F η2 F η2 

7.14** 0.02 3.25* 0.04 11.68** 0.09 5.73** 1.03 4.28** 0.03 2.43* 0.02 24.46** 0.14 17.97** 0.13 45.69** 0.17 

13.00** 0.04 6.49** 0.08 11.86** 0.09 37.47** 0.19 72.64** 0.43 34.10** 0.3 22.70** 0.13 12.47** 0.09 32.20** 0.12 

13.82** 0.03 3.34* 0.03 6.27** 0.03 11.17** 0.04 10.04** 0.05 3.56* 0.02 2.10 0.01 1.77 0.01 9.90** 0.03 

14.62** 0.19 3.27** 0.16 11.29** 0.33 4.51** 0.09 2.06* 0.05 3.71** 0.13 4.00** 0.09 5.16** 0.15 11.75** 0.18 

11.97** 0.12 4.51** 0.17 2.54** 0.06 3.33** 0.05 1.08 0.02 2.20* 0.06 3.92** 0.07 3.33** 0.07 6.71** 0.08 

11.84** 0.12 2.86** 0.10 3.09** 0.07 14.82** 0.23 8.11** 0.15 8.13** 0.21 9.78** 0.17 3.21** 0.07 12.24** 0.14 

12.25** 0.48 2.84** 0.42 3.85** 0.33 5.71** 0.36 3.75** 0.27 2.50** 0.26 5.54** 0.39 5.11** 0.46 6.54** 0.29 
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at high temperature with moderate osmotic water potential and zinc 

concentration.      

The carbohydrate content and its allocation to the organs of the 

germinating seeds play an important role in water relations as well as in 

respiration. Its role in water relations is related to osmoregulation [19]. The 

germinated seeds under experimentation adapted to decreasing osmotic 

water potential through allowing more translocation of soluble sugars from 

the storage tissue to the embryonic axis over an experimental temperature 

range both in the absence and presence of zinc, especially at low 

temperatures ( in S. italica). However, the role of zinc concentrations (5 & 8 

ppm) in enhancement of the amount of soluble sugars to the embryonic axis 

was restricted to few instances like in S. alexandrina and S. occidentalis at  

30
o
C and moderate osmotic water potential levels.  

The data obtained in this study indicated that in S. occidentalis and S. 

alexandrina, there was a decrease in total hydrolysable carbohydrates (HC) 

content by lowering the osmotic water potential over all experimental 

temperatures and zinc concentrations (except at 25
o
C in S. alexandrina, 

there was an increase in hydrolysable carbohydrates content under Ψs =-1.5 

MPa at low zinc concentrations). On the contrary, hydrolysable 

carbohydrates content increased in S. italica with the decrease in osmotic 

water potential except at high temperature with low and moderate zinc 

concentrations. This concludes that, carbohydrates are considered major 

category of compatible solutes which accumulate during water stress 

[20,21]. In S. alexandrina and S. italica, the maximum content of 

hydrolysable carbohydrates content was shown at the optimum temperature 

with low zinc concentration (at -1.5 & -0.7 MPa, respectively), while in S. 

occidentalis seedlings, the maximum content of hydrolysable carbohydrates 

was  obtained at low temperature with moderate zinc and osmotic water 

potential levels. 

In seeds, there are two distinct metabolic centers:1- the storage organs 

where reserve metabolites are hydrolyzed and,2- the elongating embryo axis 

where incoming nutrients are utilized for the synthetic activities associated 

with cell expansion [22]. Similar to total soluble sugars, allocation of 

hydrolysable carbohydrates in the embryonic axis (radicle had a large share) 

was greatly noticed in the seedlings of the three species investigated (except 

at 35 
o
C with moderate concentrations of zinc and osmotic water potential in 

the seedling of S. alexandrina). Apparently, addition of zinc increased the 

translocation of soluble sugars to the radicle leading to condensation 

(allocation) of more complex reserve materials (hydrolysable carbohydrates) 



16 El-Sharkawi, H. M.;
 
Farghali, K. A.; Rayan, A. M. and Dalia, M AbdElwahab. 

 

in the embryonic axis. This may increase the radicle capacity for water 

uptake and retention as well as building up of reserve metabolites in the 

growing embryonic axis under arid and semi-arid conditions [23,24] On the 

contrary, allocation of hydrolysable carbohydrates in the embryonic axis in 

S. occidentalis was inhibited at  25 & 35
o
C in the presence of zinc with 

moderate osmotic water potentials. 

It is noticed from statistical data of the three organs that, the interaction   

(Ψs x T x Zn) showed the dominant role in changes of soluble sugars and 

hydrolysable carbohydrates in germinating S. alexandrina and S. 

occidentalis; whereas, temperature played the major effect in hypocotyls 

and cotyledons of S. italica. This may suggest that, the reversibility of the 

hypothetical carbohydrate conversion: 

hydrolysable soluble sugars form 

was sensitive to (Ψs x T x Zn) interaction. The relative role of the single 

factors can be considered   secondary in such cases [19,25,26]. 

CONCLUSION 

Apparently, addition of zinc improved the adjustment of radicles to 

water deficiency conditions through increasing the allocation of water 

soluble metabolites into the radicles and hence increasing the osmotic 

potentials of radicles. Also, zinc induced additional adaptation of the plants 

to extreme temperatures through increasing total osmotically active 

metabolic fractions in the radicle. 
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الوسحٌثحة جحث الحغيزات في الوواد الكزتويدراجية الذائثة لثذورثلاثة اًواع هي ًثات السٌا 

 ثلاثة اًواع هي الضغوط

  *أحود هحود جوفيق رياى  ,*قطة عاهز فزغلي , *الحسٌيي هحود الشزقاوى

 عثدالوهاب داليا هحود سيد*

    ز*هص – جاهعة أسيوط -كلية العلوم -قسن الٌثات والويكزوتيولوجي

هزا انبحث دساست حأثُش َقص انجهذ انًبئٍ  و دسجت انحشاسة و   اسخهذف يىضىع

اضبفت ػُصش انضَك)انً وسظ ًَى انبزوس وكزنك انخأثُش انخفبػهٍ بٍُ هزِ انؼىايم ػهً 

سهًُكت(. وقذ حى  –سُب صؼُذي  -ػًهُت الاَببث نثلاثت أَىاع بشَت يٍ َببث انسُبيكً)انسُب 

انصحشاوَت انجبفت وَىع اخش بشي َُخًً انً انبُئت  اَببث بزوس َىػبٌ َُخًُب انً انبُئت

انىسُطت ححج انظشوف انًؼًهُت. وقذ حى دساست انخحىلاث الاَضُت نهًىاد انًخخضَت 

انكشبىهُذساحُت )انسكشَبث انزائبت وانقببهت نهخحهم انًبئً( راث انخأثُش الاسًىصٌ وكزنك 

َشت وانفهقبث. وقذ أظهشث انذساست اٌ انخىصَغ انُسبٍ نهزِ انًىاد الاَضُت فٍ انجزَش وانش

اضبفت انضَك ادي انً صَبدة الاَضببط الاسًىصٌ الاَضٍ فٍ انببدساث انًؼشضت نُقص 

انجهذ انًبئٍ يٍ خلال صَبدة انخحهم انًبئٍ داخم اَسجت انببدسة )انجٍُُ( انُبيٍ وصَبدة يؼذل 

زَش انُببث.اَضب اضبفت اَخقبنهب انً انجزَش يًب أدي انً صَبدة انضغظ الأسًىصٌ فٍ ج

ػُصش انضَك انً يحبنُم الاَببث حضَذ يٍ يذي حكُف انُببحبث نذسجبث انحشاسة انًخطشفت 

ورنك يٍ خلال انضَبدة انكهُت نهًىاد الاَضُت انًخخهفت فٍ انببدساث حُث أكذ انخحهُم 

ٍ انخأثُش ػهً الاحصبئٍ اٌ حأثُشاث انخفبػم انخببدنً بٍُ انؼىايم انثلاثت كبٌ نهب دوس هبو ف

 انؼًهُبث الاَضُت انًخخهفت فٍ الاَىاع انثلاثت .


