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Abstract
Under natural drought, some physiological parameters were measured in some wild species inhabiting the western desert of Egypt. 
Seasonal changes of nitrogen metabolites and Na/K ratio were detected in the investigated species. Effect of seasons, species, 
and their interaction played an important role on total free amino acids, soluble proteins and Na/K ratio at two oases (Dakhla and 
Kharga). Species diversity showed more effective variable in regulating such metabolites at Kharga oasis. Plants responded to 
their environment in two ways, either by increasing their water binding molecules or by preventing the formation of amino acids 
into proteins. Some of the halophytic and xerophytic species may adjust osmotically to stress by the contribution of nitrogen 
metabolites. On the other hand, Zygophyllum coccineum, the succulent plant, may adapt to environmental conditions through 
the accumulation of free amino acids. Correlation analysis between Na+/K+ ratio with free amino acids, soluble proteins and 
water content in Tamarix aphylla, Salsola imbricata, Balanites aegyptiaca, Trichodesma africanum, and Z. coccineum (Kharga) 
indicated changes in ionic fraction or accumulating soluble organic compounds which were osmotically active and contribute to 
osmotic adjustment. Correlations were found between chlorophyll content, ionic and nitrogen metabolites. In Acacia nilotica, 
Suaeda monoica and Z. coccineum at Dakhla oasis, changes in soluble proteins or ionic ratio could be caused by chlorophyll 
response to stress, while S. imbricata and T. aphylla may control cellular protein contents. On the other hand, the sharing of both 
free amino acids and ionic fraction may play an important role of osmoregulation in S. imbricata, Citrullus colocynthis and Z. 
coccineum at Kharga oasis.
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Introduction
In arid and semi-arid regions, seasonal variations may 
lead to differential physiological responses in plants 
inhabiting such environments. Many studies have been 
cited on plant adaptations to high temperature, drought, 
and salt stresses (Joyce et al 1984; Murakeozy et al 
2003; Kusaka et al 2005). Accordingly, occurrence of 
osmotic adjustment in plants is one of the likely adaptive 
mechanisms, in the form of solute accumulations, may 
occur in plants (El-Sharkawi et al 1988; Kameli and 
Losel 1995; Farghali 1998a)

Ion accumulations such as Na+ and K+ are mainly 

related to salt stress. Physiological data indicate that 
Na+ competes with K+ for intercellular inþux because 
these cations are transported by common proteins 
(Amtmann and Sunders 1999; Niu et al 1995). Potasium 
and sodium ions have been shown to have a major role 
in facilitating osmotic adjustment under water stress 
conditions (Berkowitz and Gibbs 1983). Meanwhile, 
potassium ions were found to be correlated either 
positively or negatively with chlorophyll content in 
some desert plants (Farghali and El-Sharkawi 1990; 
Farghali 1998b). Another response, which is probably 
universal, to changes in the external osmotic potential is 
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the accumulation of metabolites that act as “compatible” 
solutes such as sugars, amino acids, organic acids, and 
glycine betaine, i.e, they do not inhibit normal metabolic 
reactions (Yancey et al 1982). The accumulation of these 
osmolytes is believed to induce osmotic adjustment by 
which the internal osmotic potential is lowered and may 
then contribute to drought tolerance (Delauney and 
Verma 1993; McCue and Hanson 1990). 

The aim of this study is to understand the seasonal 
responses of 17 xero halophytic plants inhabiting Dakhla 
and Kharga oasis of western Egyptian desert to severe 
drought conditions. These responses were evaluated 
in respect of total free amino acids, soluble proteins, 
Na+/K+ ratio, chlorophyll and water contents. The data 
obtained were subjected to statistical analysis.

Materials and Methods
Samples from 11 species inhabiting the western 
Egyptian desert were collected biseasonally from 
Kharga oasis and 6 species from Dakhla oasis (Map1). 
Species were identiýed according to Tackholm (1974) 
and nomenclature following Boulos (1995).

The plant samples were immediately removed from 
plant and then transferred to plastic containers to the 
laboratory and fresh weight was determined. Three 
leaf samples were washed with cold distilled water 
thoroughly and dried on ýlter paper, and then ovenly 
dried at 70ºC. For determination of soluble proteins, 
amino acids, sodium and potassium contents, dried 
leaves were blended and their extracts were prepared in 
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hot distilled water (El-Sharkawi and Michel 1977).
Chlorophyll a and b were extracted from fresh 

leaves (0.1 gm) using 85% acetone and determined 
according to Chauhan (1996) and total chlorophyll was 
calculated. Total free amino acids and soluble proteins 
were determined colorimetrically according to Lee and 
Takahanshi (1966) and Lowry et al (1951), respectively. 
The concentrations of Na+ and K+ were measured in 
plant extracts and were taken from Williams and Twine 
(1960).

The effect of seasonal variations, species types, and 
their interactions on nitrogen metabolites and water 
content was evaluated by applying analysis of variance 
method; and simple linear correlation coefýcient between 
chlorophyll content, ionic fraction, water content and 
nitrogen metabolites as reported by Ostle (1963).

Results
In Dakhla oasis, Fig. (1) showed that total free amino 
acid was higher in winter than in summer particularly 
in S. imbricata (2.02 mg/gm dry wt.) and Z. coccineum 
(2.03 mg/gm dry wt.). Soluble proteins were higher in 
winter than in summer especially in P. dactylifera and A. 
nilotica (29.4 mg/gm dry wt.). In Kharga oasis, Fig. (2) 
showed that total free amino acids were high in summer 
than in winter and reached to a maximum value of 2.24 
mg/gm dry wt. in C. colocynthis, C. procera and S. 
imbricata. The soluble proteins were higher in winter 
than in summer in most investigated plants except in 
P. datylifera. The highest value was 28.6 mg/gm dry 
wt in S. imbricata. The lowest total amino acid values 
among plants were found in P. dactylifera (0.27 mg/gm 
dry wt.) during winter and the total soluble proteins at 
Kharga oasis was generally lower than that at Dakhla 

oasis. Likewise, the total free amino acids were low at 
Dakhla, particularly, in species inhabiting the two oases. 
The lowest value of soluble proteins was observed in T. 
africanum (10.4 mg/gm dry wt.) during summer.

Average percentages of water content in Fig. (3) 
showed similar trends of plants studied at Kharga 
oasis in both seasons. H. muticus and C. procera had 
the highest values (92.5 %) while P. dactylifera and 
H. thebaica had the lowest values in winter (51.0 %) 
and in summer (55.6 %) as well as in P. dactylifera at 
Dhakla oasis The water contents were higher in summer 

Table 1: F values which indicate the effect of season, species, and their interaction on free amino acids, soluble proteins, and
 water content in plants inhabiting Dakhla and Kharga regions.  

Region Source of Variance
Free Amino Acids Soluble Proteins Water Content

F ɖ2 F ɖ2 F ɖ2

Dakhla

Season (S)
Species (SP) 
S X SP

169.5**
  41.0**
  14.0**

38.1
46.1
15.8

244.0**
148.4**
  22.4**

22.2
67.6
10.2

530.4**
165.2**
  76.8**

   30.5
   47.5 
   22.0

Kharga
Season (S)
Species (SP)
S X SP

  47.8**
  39.7**
    4.8*

 9.7
80.5 
 9.8

    5.3*
  39.5**
  13.9**

  0.9
73.3
25.8

    0.89
128.6**
    4.3*

 0.07
  96.70
3.23

*  Signiýcant at 0.05 level                                   **  Signiýcant at 0.01 level

Note: Tam =T. aphylla, Sal = S. imbricata,  Zyg = Z. coccenium, 
Pho = P dactylifera, Aca = A. nilotica, Sua = S. monoica, Alh = A. 
graecorum , Cit =  C. colocynthis. Bal = B. aegyptiaca, Cal = C. 
procera, Hyo = H. muticus, Hyp =H. thebaica, Tri = T. africanum

Fig, 1: A) Amino acid and B) soluble protein contents of plants 
grown at Dakhla oasis during winter and summer.
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than in winter in S. monoica (95.0 %), T. aphylla and S. 
imbricata at Dakhla oasis, but the opposite was true in 
Z. coccineum.

The chlorophyll content was higher in winter than in 
summer in several plants at Kharga oasis, for example in 
P. dactylifera, A. graecorum, B. aegyptiaca, H. muticus 
and H. thebaica. On the other hand, S. imbricata, P. 
dactylifera, and A. nilotica at Dakhla oasis presented 
high chlorophyll contents in summer (Fig.4). At Kharga 
oasis, S. imbricata and Z. coccineum showed the lowest 
concentrations (0.46 and 0.57 mg./g.) whereas P. 
dactylifera, H. thebaica, and C. colocynthis exhibited 
the highest values (2.33, 2.18, and 2.32 mg./g.) during 
winter. At Dakhla oasis, S. imbricata and S. monoica 
observed the lowest values (0.45 and 0.57 mg./g.) in 

winter, while A. nilotica and P. dactylifera attained the 
highest contents (2.53 and 2.17 mg./g.) during summer.

S. imbricata followed by Z. coccineum had the 
highest seasonal average (8.2 mg/gm) of Na+/K+ ratio 
among Kharga oasis plants, whereas A. graecorum and 
P. dactylifera showed the lowest ratios 0.2 and 0.21 
respectively (Fig. 5). At Dakhla oasis, T. aphylla gave 
the highest seasonal average of Na+/K+ ratio (4.9). 

The effect of seasons, species and their interaction on 
the free amino acids, soluble proteins and water content 
in plants was shown in table (1). All factors had highly 
signiýcant effect except the effect of seasons at Kharga 
oasis where soluble proteins maintained a signiýcant 
effect. The species factor had the predominant role in 
the nitrogenous compounds, whereas seasons had a 

Table 2: The correlation coefýcient between amino acids and soluble proteins and both metabolites and water content in species inhabiting 
Dakhla and Kharga regions in both seasons.

Soluble proteins & water 
content

Amino acids & water
content

Amino acids & soluble 
proteins

Plant SpeciesRegion
SummerWinterSummerWinterSummerWinter

   0.95*   0.56   - 0.42      0.96*- 0.41     0.87T. aphylla

Dakhla

   0.54   0.90   - 0.90     - 0.05- 0.00     0.36S. imbericata

   0.47 - 0.41     0.36    - 0.85  0.89     0.81S. monica

   0.11   0.86     0.73    - 0.60- 0.22   - 0.97*A. nilotica

   0.46 - 0.07   - 0.48      0.31- 0.38     0.97*P. dactylifera

   0.48 - 0.64     0.19    - 0.25  0.39   - 0.89Z. coccineum

 - 0.61   0.59     0.07    - 0.50   0.74     0.40A. graecorum

Kharga

 - 0.29   0.57   - 0.16      0.26     0.96*     0.95*C. colocynthis

   0.56 - 0.70   - 0.82      0.96*    - 0.56   - 0.99**C. procera

   0.98**   0.91     0.39    - 0.87  - 0.95*   - 0.79B. aegyptiaca

   0.33- 0.98**     0.77      0.69  0.75   - 0.97* H. thebaica

   0.66   0.85     0.01    - 0.96*  0.39   - 0.41H. muticus

   0.33 - 0.95*     0.87    - 0.62 0.82     0.97*  T. africanum

   0.71   0.59   - 0.85    - 0.77    - 0.15   - 0.95*T. aphylla

   0.78   0.99**     0.74    - 0.95*      0.19   - 0.98**S. imbericata

   0.56 - 0.91   - 0.96*      1.00**    - 0.23     0.30Z. coccineum

   0.35 - 0.20   0.99**    - 0.13    - 0.50   - 0.96*P. dactylifera

  *  Signiýcant at 0.05 level                        **  Signiýcant at 0.01 level
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subsidiary role on the metabolites of species inhabiting 
Dakhla region; and the interaction of seasons and 
species had the same effect in case of plants inhabiting 

the kharga oasis (Table 1).
Signiýcant correlations between total free amino 

acids and soluble proteins in the studied species were 
negative except in T. africanum (at Kharga oasis) and 
P. dactylifera (at Dakhla oasis) where correlations 

Note: Tam =T. aphylla, Sal = S. imbricata,  Zyg = Z. coccenium, 
Pho = P
dactylifera, Aca = A. nilotica, Sua = S. monoica, Alh = A. graecorum, 
Cit =  C. colocynthis. Bal = B. aegyptiaca, Cal = C. procera, Hyo 
= H. muticus, Hyp =H. thebaica, Tri = T. africanum.

Fig. 2: A) Amino acids and B) soluble protein contents of plants 
grown at Kharga oasis during winter and summer.

Note: Tam =T. aphylla, Sal = S. imbricata,  Zyg = Z. coccenium, 
Pho = P.  dactylifera, Aca = A. nilotica, Sua = S. monoica, Alh = 
A. graecorum, Cit = C.  colocynthis. Bal = B. aegyptiaca, Cal = C. 
procera, Hyo = H. muticus, Hyp = H. thebaica, Tri = T. africanum.

Fig. 3:  The average percentages of water content in plants grown A) 
at Kharga and B) at Dakhla oases.

Note: Tam =T. aphylla, Sal = S. imbricata,  Zyg = Z. coccenium, 
Pho = P. dactylifera, Aca = A. nilotica, Sua = S. monoica, Alh = 
A. graecorum , Cit =  C. colocynthis. Bal = B. aegyptiaca, Cal 
= C. procera, Hyo = H. muticus, Hyp = H. thebaica, Tri = T. 
africanum

Fig 4:  Total chlorophyll content in plants located at Kharga A) and 
Dakhla B) oases during winter and summer.

Note: Tam =T. aphylla, Sal = S. imbricata,  Zyg = Z. coccenium, 
Pho = P.  dactylifera, Aca = A. nilotica, Sua = S. monoica, Alh 
= A. graecorum, Cit =  C. colocynthis. Bal = B. aegyptiaca, Cal 
= C. procera, Hyo = H. muticus, Hyp = H. thebaica, Tri = T. 
africanum.

Fig. 5: The average of both seasons of Na/K ratios in A) Kharga 
and B) Dakhla plants.
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were positive in winter. During the summer only one 
positive correlation between free amino acids and 
soluble proteins was found in C. colocynthis and one 
negative correlation was detected in B. aegyptiaca. The 
correlation between free amino acid and water content 
at Kharga oasis was signiýcant in several species. This 
correlation was negative in H. muticus and S. imbricata 
in winter and in Z. coccineum in summer, but positive in 
later species in winter. In P. dactylifera this correlation 
was positive during the summer. At Dakhla oasis the only 
positive correlation was noticed in T. aphylla in winter 
between amino acids and water content and in summer 
between soluble proteins and water content. At Kharga 
oasis the correlation between soluble proteins and water 
content was negatively signiýcant in H. thebaica and T. 

africanum during winter. Conversely, there were highly 
signiýcant positive correlations in case of S. imbricata 
in winter and B. aegyptiaca in summer (Table 2). 

The correlation between Na+/K+ ratio with both free 
amino acids and soluble proteins and water content were 
presented in Table (3). At Kharga oasis plants, it was 
found that a positively signiýcant correlation between 
amino acids and Na+/K+ ratio in B. aegyptiaca and 
between soluble proteins and Na+/K+ ratio in T. africanum 
(Kharga oasis) and S. imbricata (Dakhla oasis). Highly 
signiýcant negative correlations were existed in T. 
aphylla at both regions between Na+/K+ ratio and both 
amino acids and soluble proteins. The same correlation 
was observed too in S. imbricata at Kharga oasis. 

At Kharga oasis, A. graecorum, C. colocynthis, 

Table 3: The correlation coefýcient between Na+/K+ ratios and free amino acids, total soluble proteins, and water content in different 
species inhabiting Dakhla and Kharga regions.

 Na/K ratio & water
content

  Na/K  ratio &  soluble
proteins

 Na/K   ratio & amino
acidsPlant SpeciesRegion

       0.40           0.28      -  0.99**T. aphylla

Dakhla

       0.38           0.96*      -  0.13S. imbericata

     - 0.06         - 0.89         0.81S. monica

     - 0.77         - 0.01      - 0.04A. nilotica

     - 0.53           0.47           0.60P. dactylifera

       0.03         - 0.87           0.15Z. coccineum

       0.75                0.12 - 0.20A. graecorum

Kharga

     - 0.79                 0.84              0.71C. colocynthis

     - 0.70     0.08                       - 0.33C. procera

     - 0.30     - 0.48                      0.95 *B. aegyptiaca

       0.22  0.69                 0.84H. thebaica

       0.87  0.42                 - 0.58H. muticus

       0.38             0.99 **     0.80T. africanum

     - 0.80        - 0.99 **     0.50T. aphylla

     - 0.99**                  - 0.76        - 0.77S. imbericata

       0.95*  0.84        - 0.77Z. coccineum

       0.76                0.78              0.13P. dactylifera

*  Signiýcant at 0.05 level                        **  Signiýcant at 0.01 level.
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H. thebaica, T. africanum, and S. imbricata showed 
signiýcant positive correlations between chlorophyll 
content and amino acids. On the other hand, signiýcant 
negative correlations were detected in B. aegyptiaca, T. 
aphylla, and Z. coccineum. The correlations between 
chlorophyll content and soluble proteins were positively 
signiýcant in T. aphylla, S. imbricata, S. monoica, A. 
nilotica and Z. coccineum (at Dakhla oasis) and in C. 
colocynthis, H. thebaica, H. muticus, S. imbricata and 
Z. coccineum (at Kharga oasis) and between chlorophyll 
content and Na/K ratios in S. monoica, A. nilotica and 
Z. coccineum at Dakhla oasis and in C. colocynthis, S. 
imbricata, and Z. coccineum at Kharga oasis (Table 4).

Discussion
Statistical analysis of the data Table (1) showed 

that season, species and their interactions played an 
important role in effecting nitrogenous compounds and 
water content in plants inhabiting the Dakhla oasis. 
However, the species factor exhibited the major effect 
on amino acids, soluble proteins and water content in 
various plants located at Kharga oasis. These results 
were in agreement with other studies on desert species 
which had shown that the osmotically adjusted plants 
mainly accumulate solutes depending on both seasons 
and species variations (Farghali 1998a).

S. imbricata, C. colocynthis, C. procera and H. 
muticus accumulate high levels of total free amino 
acids during summer at Kharga oasis. Whereas, S. 
imbricata, A. nilotica and Z. coccineum maintained high 
contents of free amino acids during winter at Dakhla 

Table 4: The correlation coefýcient values between Chlorophyll content and free Amino acids, total soluble proteins, and  Na+/K+ ratios 
in different species inhabiting Dakhla and Kharga regions.

Chl. content & Na/K 
ratio

Chl. content &  soluble  
proteins

Chl. content & amino 
acidsPlant SpeciesRegion

          0.100.95* 0.02
T. aphylla

Dakhla

          0.100.95* 0.76
S. imbericata

              1.00**  0.99**0.88
S. monica

              1.00**  0.99**- 0.85
A. nilotica

            0.890.63   0.45
P. dactylifera

              0.96*  0.95*- 0.80
Z. coccineum

            0.730.30      0.99**
A. graecorum

Kharga

              0.95*  0.95*      1.00**
C. colocynthis

            0.480.47   0.62
C. procera

         - 0.480.65  - 0.95*
B. aegyptiaca

           0.33    0.99**     1.00**
H. thebaica

         - 0.81    1.00**- 0.78
H. muticus

           0.72- 0.70      0.99**
T. africanum

         - 0.82  0.68  - 0.95*
T. aphylla

               0.99**    0.95*    0.95*
S. imbericata

              0.95*    0.97*    -1.00**
Z. coccineum

             0.50- 0.80   0.28
P. dactylifera

* Signiýcant at 0.05 level                         ** Signiýcant at 0.01 level
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oasis (Figs. 1&2). Amino acids levels in P. dactylifera 
and H. thebaica at both oases remained low. This 
observation may suggest one way for desert plants to 
respond to their environment is through increasing 
tissue osmotic potentials (El-Sharkawi et al 1988). The 
soluble protein levels of previously mentioned plants 
maintained relatively low when compared to the rest of 
investigated plants in this study; except in S. imbricata 
at both oases, and A. nilotica and P. dactylifera at 
Dakhla oasis. Therefore, such results agrees in ways that 
plants may adapt to drought injury either by increasing 
their water binding molecules (Kameli and Losel 1995; 
Farghali 1998a) or by inhibiting the incorporation of 
amino acids into proteins (Nir et al 1970; Dhindsa and 
Cleland 1975). The above results indicated occurrence 
of two kinds of correlations which vary with season 
and location. Signiýcant negative correlations between 
amino acids and soluble proteins in different plants, 
except in P. dactylifera (Dakhla oasis) and T. africanum 
(Kharga oasis) were signiýcantly positive during 
winter. Meanwhile in summer, signiýcant positive and 
negative correlations were found in C. colocynthis and 
B. aegyptiaca, respectively (Table 2).

This may lead to the accumulation of nitrogen 
metabolites which believed to facilitate “osmotic 
adjustment” by lowering tissue osmotic potential and 
then contributing to salt or drought tolerance (Karimi et 
al 2005; Delauney and Verma 1993; Louis and Galinski 
1997; Hasegawa et al 2000). T. aphylla (Dakhla oasis) 
and S. imbericata (Kharga oasis) showed positive 
and negative correlations between the nitrogenous 
compounds and water content, whereas Z. coccineum 
(Kharga oasis) presented a variation of correlation 
within both seasons which could mean that the succulent 
plant may tolerate severe conditions by accumulating 
free amino acids; especially during summer, under 
water stress. However, the osmotic adjustment in S. 
imbricata may involve both: degradation of proteins 
and accumulation of amino acids as obtained from data 
expressed in Table (2). The same suggestion could be 
valid in case of C. procera, B. aegyptiaca, H. thebaica 
and P. dactylifera. In addition, compatible solutes are 
typically hydrophilic, which suggest that they could 
replace water at the surface of proteins and acting as 
osmoprotectants (Yeo 1998; Bohnert and Shen 1999).

The need for Na+ as a vacuolar osmolyte in saline 

environments may be the reason why plants have not 
evolved transport systems that completely exclude Na+ 
relative to K+. In fact, the ionic fraction was found to 
be correlated with nitrogen metabolites and water 
content, to explain plant responses to the environment. 
Only T. aphylla (Kharga and Dakhla oases) showed 
negative correlation between Na+/K+ ratio and both 
nitrogen metabolites, whereas S. imbricata (Kharga 
oasis) exhibited the same correlation between the ionic 
fraction and water content. Other positive correlations 
were detected in few species such as B. aegyptiaca, S. 
imbricata (Dakhla oasis) and T.  africanum. Moreover, 
a positive correlation was found between the ionic 
ratio and water content in Z. coccineum (Kharga oasis). 
These results are in parallel with other ýndings that ionic 
osmotic potential and /or water content in plants (e.g. 
Salsola) are related to such solutes as Na+ and K+ in 
order to overcome water stress under high temperature 
(Farghali and Gadalla 1996; Farghali 1998a). Thus, 
cellular responding tissues may contain compounds 
such as proline, glycinebetaine, proteins and ions 
which may changed depending on salt concentrations 
and species (Mutlu and Bozcuk 2005; Liu et al 2004; 
Morant-Manceau et al 2004). It was also suggested that 
photorespiration, which was increased during salt stress, 
may have a role in supplying metabolites to produce 
compatible solutes (Di Martino et al 2003).

Generally, chlorophyll content was correlated 
positively with total free amino acids, soluble proteins 
and Na+/K+ ratio in most species. Some species as:   
B. aegyptiaca, T. aphylla and Z. coccineum exhibit 
negative correlation between chlorophyll and amino 
acids contents (Table 4). It is important to note that most 
correlations occurred in species at Dakhla oasis between 
chlorophyll content and both soluble proteins and the 
ionic fraction. This may explain that S. monoica, A. 
nilotica and Z. coccineum at Dakhla oasis may tolerate 
drought in account for reductions in chlorophyll content 
which in turn may cause changes in soluble proteins 
and Na+/K+ ratios. Meanwhile the osmotic adjustment 
in S. imbricata and T. aphylla depends mainly on 
accumulation of soluble proteins. However, it is most 
interestingly to understand such regulation through 
the interactions between chlorophyll content and the 
three constituents in C. colocynthis, S. imbricata and Z. 
coccineum at Kharga oasis. The contents of chlorophyll 
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and compounds such as proline, glycinebetaine, soluble 
sugars and ions were changed under saline conditions 
(Farghali and Rayan 2005; Mutlu and Bozcuk 2005; 
Wang et al 2004; Di Martino et al 2003).

Generally, not only the nature of osmolyte, but also 
the seasonal pattern of osmolyte accumulation would 
affect species-speciýc response differences. Additional 
work should be performed to elucidate more about the 
nature and kind of nitrogen metabolites involved in 
regulation, but what had been done so far in this article 
will give us suggestions about the occurrence of possible 
mechanisms in wild species under adverse conditions.  
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 еуϧϲϜнЮ йзВϝЧЮϜ йуϳЯгЮϜ йтмϜϽϳЋЮϜ ϤϝϦϝϡзЮϜ пТ РϝУϯЮϜ ϣвмϝЧгЮ йуϮнЮнуЃУЮϜ ϤϝгЯЦϓϧЮϜ ЍЛϠ
ϽЋгЮ йуϠϽПЮϜ ̭ϜϽϳЋЮϜ пТ

АнуЂϒ ϣЛвϝϮ - ϹтϹϯЮϜ оϸϜнЮϝϠ йуϠϽϧЮϜ ϣуЯЪ - ϤϝуЎϝтϽЮϜм анЯЛЮϜ бЃЦ ïдϝтϼ Ϲгϳв Ϲгϲϒ
АнуЂϒ ϣЛвϝϮ - анЯЛЮϜ ϣуЯЪ -ϤϝϡзЮϜ бЃЦ -пЯОϽТ ϽвϝК ϟГЦ

ЉϷЯв
 бϦ .ϽЋгЮ ϣуϠϽПЮϜ ̭ϜϽϳЋЮϜ еГЧϦ пϧЮϜ йтϽϡЮϜ ϤϝϦϝϡзЮϜ ЍЛϠ пТ йуϮнЮнуЃУЮϜ ϤϜϽІϕЮϜ ЍЛϠ ЀϝуЦ бϦ йуЛуϡГЮϜ РϝУϯЮϜ РмϽЖ ϥϳϦ
 йЦыЛЮϜм йуϦϝϡзЮϜ ИϜнжцϜ Рыϧ϶ϖ м йугЂнгЮϜ ϤϜϽуПϧЮϜ дϒ ϹϮм . +нϠ /+Ј ϣϡЃжм йузуϮмϽϧузЮϜ ϤϝуЏтчЮ йугЂнгЮϜ ϤϜϽуПϧЮϜϽтϹЧϦ
 пТ ИнзϧЮϜ ϽϡϧЛт .йЯ϶ϜϹЮϜ ϣϲϜм пТ йϡϚϜϻЮϜ  ϤϝзуϦмϽϡЮϜм ϣуЯЫЮϜ йузувцϜ ЌϝгϲцϜ пЯК ϽϪϕϦ пϧЮϜ ЭвϜнЛЮϜ бкϒ ев ϝглзуϠ йЯ϶ϜϹϧгЮϜ
 ϢϸϝтϿϠ ϝвϖ йϛуϡЯЮ йϠϝϯϧЂϖ ϤϝϦϝϡзЮϜ иϻк ϤϽлЖϒ .йϮϼϝϷЮϜ ϣЧГзв пТ ϤϝуЏтцϜ Ϣϻк буЗзϦ пТ иϽϪϕгЮϜ ЭвϜнЛЮϜ бкϒ ев йуϦϝϡзЮϜ ИϜнжцϜ
 йтмϜϽϳЋЮϜм йуϳЯгЮϜ ϤϝϦϝϡзЮϜ ЍЛϠ ϤϽлЖϒ ЩЮϻЪ .ϤϝзуϦмϽϠ пЮϖ йузувцϜ ЌϝгϲцϜ ЬнϳϦ ЙзгϠ мϒ ̭ϝгЮϝϠ йГϡϦϽгЮϜ  ϤϝϛтϿϯЮϜ ϸϹК
 )оϽуЋК( БтϽВϽЮϜ  Ϥϝϡж  бЯЦϓϧт  ̪ЍуЧзЮϜ  пЯКм  .йузуϮмϽϧузЮϜ  ϤϝуЏтцϜ  ϢϹКϝЃгϠ  ЩЮϺм  ϸϝлϮщЮ  ЌϽЛϧЮϜ  ϹзК  оϾнгЂϒ  дϜϿϦϖ
 ЌϝгϲцϜ ев ЭЪм +нϠ /+Ј ϣϡЃж еуϠ пЯуЯϳϧЮϜ АϝϡϦϼшϜ ϱЎмϒ .иϽϳЮϜ йузувцϜ ЌϝгϲцϜ бЪϜϽϦ Ьы϶ ев йуϮϼϝϷЮϜ РмϽЗЯЮ
 )йϮϼϝϷЮϜ( БтϽВϽЮϜм ̪бугϳЮϜ ̪ϭуЯлЮ ϱЯϠ ̪БтϽϷЮϜ ̪ЭϪцϜ ϤϝϦϝϡж ев ЭЪ пТ пϚϝгЮϜ онϧϳгЮϜм ̪йϡϚϜϻЮϜ ϤϝзуϦмϽϡЮϜ ̪иϽϳЮϜ йузувцϜ
 ϤϹϮмм .оϾнгЂцϜ дϜϿϦцϜ ϣуЯгК пТ йгкϝЃгЮϜм ϑтϾнгЂϒ йГЇзЮϜм йϡϚϜϻЮϜ йтнЏЛЮϜ ϤϝϡЪϽгЮϜ бЪϜϽϦ мϒ пжнтцϜ ХЇЮϜ пТ ϤϜϽуПϦ
 пТ БтϽВϽЮϜм ̪ϹтнЃЮϜм БзЃЮϜ ϤϝϦϝϡж дϒ ϝгϠϼ .йузуϮмϽϧузЮϜм йужнтцϜ ϤϝуЏтцϜм ЭуТмϼнЯЫЮϜ онϧϳв еуϠ ϑЏтϒ йϡϮнв ϤϝВϝϡϦϼϖ
 дϒ еуϲ пТ ̪̭ϝгЮϜ ЉЧзЮ ЭуТмϼнЯЫЮϜ ϣϠϝϯϧЂш ϟϡЃЪ йужнтцϜ йϡЃзЮϜ мϒ йϡϚϜϻЮϜ ϤϝзуϦмϽϡЮϜ ϣϡЃж ϽууПϦ пЯК иϼϹЧЮϜ ϝлЮ йЯ϶ϜϹЮϜ ϣЧГзв
 йузувцϜ ЌϝгϲцϜ ϣЪϼϝЇв ϟЛЯт  ϝгϠϼ ̪ЍуЧзЮϜ пЯКм .онЯϷЮϜ еуϦмϽϡЮϜ онϧϳв пТ бЫϳϧЮϜ пТ иϼϹЧЮϜ блЮ ЭϪцϜ м ̪БтϽϷЮϜ ϤϝϦϝϡж

йϮϼϝϷЮϜ ϣЧГзв пТ БтϽВϽЮϜм ̪ЭЗзϳЮϜ ̪БтϽϷЮϜ ϤϝϦϝϡж ев ЭЪ пТ оϾнгЂцϜ дϜϿϦшϜ пТ ϑглв ϐϼмϸ пжнтцϜ ХЇЮϜм


