J. Plant Production, Mansoura Univ.,Vol. 6 (5):685 - 694, 2015

RICE SEED PRIMING TO OVERCOME SALT STRESS
CONDITIONS
Kishk, A. M. S and M. R. EI-Mowafy

Seed Technology Research Department, Field Crops Research Institute,
ARC, Giza, Egypt

Corresponding author: Abdelmageed M.S. Kishk

E-mail: abdelmageedk@yahoo.com

ABSTRACT

This study investigated the potential of seed priming for induction of salt
tolerance in rice. Two lots of rice seeds (high and low vigor) cv Sakha 106 were
primed in aerated solutions of KNOz 2%, CaClz 2%, PEG 2%, ascorbic acid 100 ppm
and control (distill water) each for 24 h. Two experiments were conducted in
laboratory and pots. The primed seeds were plantedin (0,3000,4500, 6000 and7500
ppm NaCl) at Seed Technology Research Unit, Mansoura. Seed Technology
Research Department, ARC. The results revealed that priming with KNO3z 2% followed
by control, CaCl> 2% , ascorbic acid 100 ppm, and PEG 2% were more effective in
inducing salt tolerance owing to improved seed germination, seedling vigor index,
speed ofgermination, rate of germination and seedling emergence in pots experiment
in 0 and 3000 ppm NacCl. Freshly harvested seed recorded higher germination
percentage (80%). It is therefore recommended that KNOs could be adopted for
priming rice seed under 3000 ppm as it maintained seed viability and seedling vigor
optimallyamong other treatments. Reduced germination parameters due to increasing
salinitylevels up to 7500 ppm. The results showed that application of KNOz or CaCl>
at 2% improved all studied seed quality traits under salinity stress conditions. Thus,
results signify the role of priming substances and high vigor in regulating salinity
response of pre-treated seed could be used as a potential growth regulator, for
improving common seedlings growth under salinity stress conditions.

Keywords: Rice (Oryza sativa L.), seed priming, seedling growth, salinity and seed
storage.

INTRODUCTION

At the current growth rate of the world population, rice requirement
dramatically and many nations are facing second generation challenge of
producing more rice at less cost in a deteriorating environment (Tiwari et al.,
2011). Egypt is the largest rice producer in the region and rice yield is one of
the highest in the world. On the other side, (Ghassemi et al.,1995) reported
that, of the 130 million hectares of land where rice is grown, about 30 percent
contain levels of salt too high to allow normal rice yield. About 7% of the
world's total land area is affected by salt. The salinity threshold level of rice is
3.0 dS m™ with 12% yield reduction per unit increase in EC. (dS m'l) abowve
this level (Maas and Hoffman, 1977). Certified rice (Sakha 106) seeds not
always able to market during the following planting season so, these seeds
(carry ower) are store for marketing during the second season after harvest.
Prolonging storage period can lead to a gradual loss of vigor and finally a loss
of viability (Moon et al., 2011). Sowing carry over seed under soil salinity
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conditions have harmful effects in seedling vigor while, salt and osmotic stress
are responsible for both inhibition or delayed seed germination and seedlings
establishment (Almansouri et al., 2001). Also salinity stress affected many
physiological processes including photosynthesis, respiration, translocation,
ion uptake, nutrient metabolisms, biosynthesis of proteins, carbohydrates and
growth promoters (Sadeghipour and Aghaei., 2012). Also, Yeo et al., (1990)
reported that, rice is sensitive to salinity at the seedlings stage and becomes
tolerant at the vegetative phase and very susceptible at reproductive phase in
terms of grain yield. The successful establishment of crop mainly depends
upon good quality seed. Highly \igorous seeds germinate rapidly,
uniformly and are able to withstand environmental adversity after sowing
(Del Gi dice., 1996). Delays in germination and low seed viability are among
the serious problems limiting the production of rice. Howewer, the use of rice
seeds of low physiological quality, leading to inadequate plant population in
the field. To provide higher quality seeds, scientists have dewloped new
technologies called “Seed Enhancement Techniques”. The main objective of
these techniques is to optimize the application of seed treatment products by
improving the technical quality of seeds. The two important enhancement
technologies are seed coating and seed priming that have been employed
successfully for many crops. This enhancement technology is the key
interface between the two highly specialized industries viz., crop protection
and the seed industry.

Seed priming is widely used nowadays for betterment of seed
performance in terms of higher rate of germination and uniformity of
establishment (Farooq et al., 2009). Also a reduction in emergence time,
accomplishment of uniform emergence and betterment of crop stand in many
horticultural crops are known to be achieved by seed invigoration techniques
like seed priming Ashraf and Foolad (2005). Osmopriming and hormonal
priming are terminologies used in describing soaking of seeds in aerated low-
water potential solutions to control water uptake and prevent radical
protrusion (Bray 1995).When these treatments are followed by dehydration,
they become more effective in improving germination in different types of
vegetable seeds most especially when the environmental conditions are at
sub-optimal levels (Bradford and Haigh 1994). Furthermore, the use of
calcium chloride, potassium nitrate, sodium chloride and polyethylene glycol
8000 have been proved to lessen mean germination time (Ruan et al., 2002).
A rice farmer or producer should be able to know the best priming solution
that is equally cost effective to meet his target of early seedling establishment
and high profit through vyield increase at the end of production period.
Therefore, the primary objectives to assess whether seed priming treatment
can alleviate the adverse effects of salinity of rice lots (High and Low wvigor).
Also study the effects of different priming treatments on seed germination and
subsequent seedling growth under normal and stress conditions.
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MATERIALS AND METHODS

This experiment was conducted at Laboratories of Seed Technology
Research Unit, Mansoura, Seed Technology Research Department, Field
Crops Research Institute, Agricultural Research Center. To study the role of
seed priming treatments in alleviate the adwerse effects of soil salinity on rice
seed germination, seed and seedling vigor. Improvement seed and seedling
vigor of carry over rice seed. Seed samples of rice lots (c.v Sakha 106) were
obtained after harvest from Central Administer of Seed (CAS) in June, 2013
for old seed (carry ower seed) and 2014 for fresh seed obtained seed was
cleaned from remains, dust, damaged seed and any inert materials then
immersed in 5% NaOCI (sodium hypochlorite solution) for 5 minutes to awoid
fungal invasion. The initial seed germination was determined. Rice lots were
subjected to seed priming in distilled water, potassium nitrate 2%, calcium
chloride 2%, polyethylene glycol 6000 2% and ascorbic acid 100 ppm for 24
hours and dried back to the same weight and planting under salt stress
conditions 3000, 4500, 6000 and 7500 ppm NaCl in addition to control
(without salt stress).

Seed lots: 1- High vigor seed 2- Low vigor seed
Priming treatments: KNO3z 2%, CaCl, 2%, PEG 6000 2%, Ascorbic acid
100 ppm and control).

Salinity treatments: Solutions of NaCl were prepared at concentrations of (0
control, 3000, 4500, 6000 and 7500 ppm).

Germination tests:

Sand that had passed through the screen of 2mm diameter mesh was
washed and dried at 130 °C for 4 h. Fifty seeds were placed in plastic
germination box (13X19X12 cm) containing sand, each 100 g sand was
mixed with 15.6 mL corresponding salinity solutions. Then the seeds were
incubated in a cultivation cabinet at 25 °C under alternating cycle of 12 h light
and 12 h darkness for 14 days according to ISTA., 1999. Three replicates for
each treatment were used.

Germination parameters:

The number of germinated seeds, based on which germination
parameters were calculated, was recorded every day for 14 days.
Germination energy and germination percentage were calculated as follows:
1-Germination percentage (%): It was defined as the total number of normal

seedlings at the end of the test after 14 days according to (ISTA. 1999).
2-Germination energy (GE): It was recorded on the fifth day after planting. It
is the percentage of germinated seeds 5 days after planting relative to the
total number of seeds tested (Ruan et al., 2002).
3-Speed of germination index (SGI): It was calculated as described in the
Association of Official Seed Analysis (AOSA., 1992) by the following
formula:

scr No of germinoted seed ... .. No of germinated seed

Days of first count T i wnes  Days of final count
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4-Germination rate (GR): It was defined according to the following formula
of (Bartllet., 1937).

B a+(a+b)+(a+b+c)+-.....(fa+b+c+m)

n(a+b+c+m)
Where a, b, ¢ are number of seedlings in the first count, second count
and third count, n is the number of counts.

5-Mean germination time (MGT): It was determined according to the
following equation which is described by Alvardo and Bradford (1987):

MGT=Y dn/¥ n

GR

Where (n) is the number of seeds which is germinated on day (d), and
(d) is the number of days counted from the beginning of germination.
6-Seedling length (cm): It was recorded by the average of random ten
seedlings at the end of germination test.
7-Seedling dry weight (gm): Ten normal seedlings 14 days after planting,
the seedlings were dried in hot-air oven at 85°C for 12 hours to obtain the
seedlings dry weight according to Krishnasamy and Seshu (1990).
8-Seedling vigor index (SVI): It was calculated according to the equation
described by Abdul-Baki et al., (1973):

SVI; = G% X Seedling length.
SVI, = G% X SDW (seedling dry weight).

9-Pots experiment: This experiment was carried out in pots under natural
conditions. Seeds were sown in rows at the depth of 3 cm and replicated
three times. Irrigation was applied whenever required. The data regarding
emergence, were recorded up to the 14" day of sowing.

Statistical analysis:

The observed data were statistically analyzed as the technique of
analysis of variance (ANOVA) of the randomized complete block design of
three factors in three replicates as mentioned by (Gomez and Gomez., 1984).
The means were compared using the least significant differences (L.S.D).
Statistical analysis was performed using analysis of variance technique
(ANOVA) by means of "MSTAT-C"computer software package.

RESULTS AND DISCUSSION

1-Seed lot effects:

The results in Tables (land 2) showed the main effect of the two lots
(high and low vigor) tested and the salinity levels of NaCl and owvercome
substances on seed and seedling growth parameters of rice seeds in twice
times during 2014season.
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Table 1: Effect of seed lot, priming substances and salinity levels on
germination percentage, root length, shoot length, seedling
length, seedling dry weight and seedling vigor index.

Treatments Germ(i)nation Germination Spe_ed c_)f Germination gerrMn?r?zar]tion

% energy [germination rate time

A.Seed lot
High vigor 80.0 71 6.0 0.61 4.5
Low vigor 50.0 37 2.0 0.56 4.7
F. test *% *% *% *% *%
B.Priming substances
Control 68.0 54 3.8 0.54 4.9
KNO3 2% 67.5 59 4.2 0.59 4.5
CaCl, 59.5 55 3.9 0.57 4.6
PEG 2% 57.0 54 3.8 0.55 4.7
Ascorbic
acid 100 46.5 54 3.8 0.54 4.7
ppm
F. test i NS NS NS NS
LS.Dat5
% 13.4 - - - -
C.Salt lewvels
Control 60.0 59 4.2 0.60 4.6
3000 ppm 62.5 58 4.1 0.59 4.6
4500 ppm 58.5 54 4.0 0.58 4.6
6000 ppm 58.0 52 3.7 0.58 4.6
7500 ppm 59.5 47 3.3 0.58 4.7
F. test NS ** * NS NS
bats . 0.052 0.394 . .
0
D. Interactions

AXBXC | NS [ Ns | Ns | Ns [ Ns

The results exhibited significant differences between the two lots. The
freshly harvested seed recorded the highest mean value of germination
percentage, germination energy, speed of germination, germination rate,
mean germination time, seedling length, seedling dry weight, seedling vigor
index, and pot experiment of rice seeds in comparison to old harvested seed.
This reduction in low vigor might be due to lost viability through a sequence of
physiological manifestation, such as reduced enzymatic activities, increased
permeability of cellular membranes, slower rates of cellular repair slower cell
division and radical protrusion reduced respiration rates and altered pathways
denaturation of macromolecules etc. These results are in the same line with
those recorded by Hong Fashui (2002), Hanegave (2009) and Shi-yang Zhu
et al (2010).
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Table 2: Effect of seed lot, priming substances and salinity levels on
seedling vigor index, germination energy, speed of
germination, germination rate, mean germination time and pot

experiment.
seedling | S€89N9 | seeqiing | seedling

dry Weight - ; Pot

Treatments Length vigor vigor ;
(cm) gm.) index1 index 2 | €XPeriment

ASeed lot
High vigor 6.60 0.216 538 13.1 61
Low vigor 4.50 0.167 180 10.0 40
F. test *% *k *% *k *%

B.Priming substances

Control 5.81 0.201 381 12.3 51
KNO3 2% 5.71 0.178 388 12.4 55
CaCl; 5.54 0.205 361 11.9 53
PEG 2% 5.23 0.201 333 10.5 51
Ascorbic acid 100 ppm 5.59 0.173 331 10.0 50
F. test NS ** NS NS NS
L.S.D at 5% - 0.019 - - -

C.Saltlevels
Control 7.49 0.212 558 12.3 58
3000 ppm 5.57 0.202 405 12.4 56
4500 ppm 4.92 0.193 324 11.9 54
6000 ppm 291 0.175 283 10.0 a5
7500 ppm 4.99 0.176 225 10.5 38
F. test *% *% *% NS *%
L.S.D at5% 0.98 0.019 61.33 - 6.7

D.Interactions

AXBXC [ NS T NS [ NS | NS | NS

2-Priming substances effects:

Highly significant differences were detected among the priming
substances regarding to germination percentage, germination energy, speed
of germination, germination rate, mean germination time, seedling length,
seedling dry weight, seedling vigor index, and pot experiment Tables (1 and
2). KNO3 gawe the highest values in all growth parameters; however ascorbic
acid gawe the lowest values in all growth parameters in both times. The
superiority of KNO3 may be due to its role in influencing the permeability of
the membranes which ultimately leads to activation of enzymes inwlved in
protein synthesis and carbohydrate metabolism. Similar data were obtained
by Faroq et al (2007) and Shehzad et al (2012).
3-Salinity levels effect:

With respect to the main effect of the different salinity levels the 3000
ppm NaCl recorded the high value of seedling growth and pot experiment on
growth parameters, in relation to the control treatment (distill water). The
present results are in accordance with observation of Basra et al., 2005 who
suggested that seed germination and vigor in rice increased with
osmoconditioning. Howewver, osmopriming has been shown to activate
processes related to germination, for instance, by affecting the oxidative
metabolic such as increasing superoxide dismutase and peroxidase.
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4-Interactions effects:

Data presented in Table 3 show that, the interaction between rice seed
lot and salinity levels had highly significant effect on germination percentage.
The highest germination percentage was produced by high vigor seed lot
when primed with water before planting at soil salinity level 3000 ppm NaCl.
On the other hand, the lowest values of germination percentage produced
from low vigor seed lot when planted at salinity level, 7500 ppm NaCl. At the
increasing salinity lewels high vigor seed lot gave the lowest reduction in
germination percentage 34% and for low vigor seed lot 59%, these results
indicated that high vigor seed lot more tolerant than low vigor seed lot for
increasing salinity lewvels. The reduction of rice seed growth parameters as a
result of increasing salinity levels up to 7500 ppm may be due to that salinity
is one of the major abiotic stresses which adwersely affect seed growth and
dewvelopment. Generally, rice seeds are highly sensitive to salinity stress.
These data are in accordance with those reported by Labidi et al., 2009, Irfan
et al (2012) and Yousef (2013).

Table 3: The interaction between seed lots and salinity levels treatments
on germination percentage.

Salinity levels 3000 ppm | 4500 ppm | 6000 ppm 7500
Control NaCl NaCl NaCl ppmNacCl
Seed lot
High vigor 93 90 81 71 59
Low vigor 43 45 38 43 34
F test b
LSD at 0.05 1017

Also, rice seed germination percentage (Fig 1) show affected by the
interaction and increased with 3000 ppm NaCl and reached its highest
percentage (80%) comparing to control (70%).

Germination%

90

80
b 70 -
2 60 -
& m Conrtol
2 50 -
3 H KNo3
oo 40 -
=
£ 30 - Cacl2
= 20 - ® PEG

10 + B Asc 100 ppm

0 _

Control 3000 ppm 4500ppm 6000ppm 7500ppm
Salinity levels

Fig 1: Effects of salinity levels and priming substances on germination
percentage
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The interaction between salinity lewels and priming substances
treatments (Fig 2) reflected significant differences on pots experiment. The
zero NaCl with KNO3 gave the highest mean values followed by 4500 ppm
NaCl with PEG. This positive effect may due to primed seed had better
efficiency for water absorption from growing media, that is why metabolic
activities in seed during germination process commence much earlier than
radicle and plumule appearance. These data are in accordance with those
reported by Yousef (2013).

pot experiment

80

B control
mKNO3
= CaCl2
B PEG

Priming substances

B Asc 100 ppm

Cont 3000 4500 6000 7500

Salinity levels

Fig 2. Effects of salinity levels and priming substances on pots
experiment.

REFERENCES

A.O.S.A. (Association of Official Seed Analysis) (1992). Rules for testing
seeds. Journal of Seed Technology, 6:1-125.

Abdul-Baki, A. N. J; A. Prentice Hall and J. D. Anderson (1973).Vigor
determination in soybean seed by multiple criteria. Crop Science, 13:
630-633.

Almansouri, M.; J. M. Kinet and S. Lutts (2001). Effect of salt and osmotic
stresses on germination in durum wheat. Plant and Soil, 231:243-254.

Alvardo, A. D. and K. J. Bradford (1987). Priming and storage of tomato
(Lycopersicon lycopersicum) seeds. Seed Sci andTech.16:601-612.

Ashraf, M. and M. R. Foolad (2005). Pre-sowing seed treatment—ashotgum
approach to improve germination, plant growth and crop yield under
saline and non-saline conditions. Adv. Agron, 88: 223-271.

Bartllett, M. S. (1937). Some samples of statistical method of research in
agriculture and applied biology Jour Roy Soc., 4:2.

692



J. Plant Production, Mansoura Univ.,Vol. 6 (5), May, 2015

Basra S.M. A, Farooq. M, R. Tabassum and N. Ahmed (2005). Physiological
and biochemical aspects of seed vigor enhancement treatments in fine
rice. Seed Science and Technology (Denemark) 33 (3).

Bradford, K. J, and A. M. Haigh (1994). Relationship between accumulated
hydrothermal time during seed priming and subsequent seed
germination rates. Seed Sci.Res, 4: 63-69.

Bray C.M. (1995). Biochemical process during the osmopriming of seeds. In:
Kigel J, Galili G, (EDS.), Seeds Dewelopment and Germination, Marcel
Dekker, New York, pp.767-789.

Del Gi dice, M.P., (1996). Condicionamen to osmtico de sementes de soja
(Glycine max L. Merrill). Vigosa, MG: UFV, pp.130.

Faroog, M, S. M. A. Basra, M.B. Khan (2007). Seed priming improves growth
of nursery seedlings and vyield of transplanted rice .Arch. Agron. Soil
Sci. 53: 1-12.

Farooq, M. Basra Smawahid A.Khalid A, Kobayashi N (2009). Rice seed
invigoration : Areview. Springer Science; Business Media B.V. pp: 137-
175.

Ghassemi, F.; A. J. Jakeman.; and H. A. Nix (1995). Salinization of land and
water resourses:Human  causes,extent,management and case
studies:Wallingford UK,CAB International, 544 .

Gomez K. A. and A. A. Gomez (1984).Statical procedures for agricultural
research.2™ Ed. John Waliy and Sons.

Hanegawe (2009). Influence of seed invigoration and polymer coating on field
performance and storability of maize. MSc. Seed Science and
Technology.India.

Hong, Fashui (2002). Study on the mechanism of cerium nitrate effects on
germination of aged rice seed. Biological Trace Elements Research,
87: 191-195.

Ifan afzal, Adeel Butt,Hafeez Ur Rehman, Shahzad Magsood Ahmad Basra
and Aneela Afzal (2012). Alleviation of salt stress in fine aromatic rice
by seed priming. A.J.C.S, 6(10):1401-1407.

ISTA (1999) (International Seed Testing Association). International rules for
seed testing. Proc. Int. Seed Test. Ass., 31 (1) : 1-152.

Krishnasamy,V. and D.V.Seshu (1990). Phosphine fumigation influence on
rice seed germination and vigor. Crop Sci., 30:28-85.

Labidi. N; H. Mahmoudi, M. Dorsaf, I. Slama | and C. Abdelly (2009).
Assessment of intervarietal differences in drought tolerance in chickpea
using both nodule and plant traits as indicators. Journal of Plant
Breeding and Crop Science 1: 80—-86.

Maas, E. V. and G. J. Hoffman (1977). Crop salt tolerance current
assessment. J. Irrig. and Drainage Div.,ASCE,103:115-134.

Moon.M. C, M. R. Chetankumar, J. A. Teixeira and Balakrishna (2011).
Influence of Packaging Materials and Seed Treatments on
Physiological Attributes during Storage in Rice (Oryza sativa L.). Seed
Science and Biotechnology.5: 15-20.

693



Kishk, A. M. S and M. R. EI-Mowafy

Ruan, S. Q. Xue and K. Tylkowska (2002).The influence of priming on
germination of rice (Oryza sativa, L.) seeds and seedlings emergence
and performance in the flooded soil. Seed Sci and Tech., 30: 61-67.

Sadeghipour,0. and P. Aghaei (2012). Response of Common bean
(Phaseolus vulgaris L.) to Exogenous Application of Salicylic Acid (SA)
under Water Stress Conditions, Environmental Biology, 6(3): 1160-
1168.

Shehzad, M. A. Ayub, A. U. H. Ahmad and M. Yaseen (2012). Influnce of
priming techniques on emergence and seedling growth of forage
sorghum.The Journal of Animal and Plant Sciences, 22 (1): 154-158.

Shi-yang, De-lin Hong, Jin Yao, Xao-ling Zhang and Tian-kuan Luo (2010).
Improving germination, seedling establishment and biochemical
characters of aged hybrid rice seed by priming with KNO3+P VA.African
Journal of Agricultural Research.5 (1), pp: 78-83.

Tiwari, D. K. P. Pandey, S. P. Giri, J. L. Dwivedi (2011). Effect of GA3 and
other growth regulators on hybrid rice seed production. Asian Journal
of Plant Sciences., 10 (2):133-139.

Yeo, A. R.; M. E.Yeo; S. A. Flowers and T.J Flowers (1990). Screening of rice
(Oryza sativa.L.) genotypes for physiological characters contributing to
salinity resistance, and their relationship to owerall performance .Theor.
Appl. Genet., 79: 337-384.

Yousof, F. | (2013).Effect of rice seed priming with calcium chloride (CaCl,)
on germination and seedlings vigour under salinity stress. J. Plant
production, Mansoura Univ.,4 (4): 523-535.

ALl gy digb e il 51 g gli5 g
sl andlae Lo daaa g dlES Sw Jaaa daallae
raa— Ao 30 & gandl S pa -Aglial) Jualaall &gay dgaa - odd) L ol 5385 & ga audd

Joalaall Gigay v gaa - 52l Lia sl 535 Cusay Jalaa 8 2014 e IS Al i) 038y al
il il )5S A5 (8 A sdall ALl apenal (8 o lal) 25 5 s Ao ) ) Casad) S e - Al
JSUie Ao sl il Cad€ill ) V) Ay Le®le 5 da slall oy pda caad Bl )2l Al
D) Al o8 pdline (5 5lE (pula gl 8 eIy Led dnilia Jpla s Y (ol g (alind
il ar) arali (e 106 B Chiia (5 5LE e (bl dgadl A jre )25 Siaall e
- A Lede Jeasidl)
53 (sl 5 (A sead) Adle ) sand) Zial) (gl il ) s Ay sine (35 8 25a il Cania i)
(% 80) i) 4 e sl s (558 il | (Lysuad) Liaddia)
Alabeall Ladl elally Alalaall LDl %2 sandls sl ol ity Aaagl (s Ay sina (35 8 35mn s giliil] & pelal- Y
il (sl A balaall LadE o slall (86 3 100 Sl sSul) (aes LadG %2 asaullSl oy 5518
) e g YD lana s Gl s Cppen s A slall Jand e (580 320bie (8 %2 JsSils
e 2,5 G glall (8 6 5a 3000 5 slall Aldadl & tasd) il
sl ol i Al 5 (% 80) il A Aot decanll s g8l ol ) gl @yl -
SN 2 sl 8 6 3 3000 sesel il A e | alS s slall iy sisdd e (% 76)
Cia )Y (sl 4 ) sans) Aigill aladiud 5 daall Aaa (o slEl aladiuly dul )l s
4 L ale deal u})la‘;&cb)l\ e delu Y§ 304 9 Y _).._\S)Le):\uu‘,ﬂ\ Gl g ddas) g VT A
Aaslall s lall JEY) Caadl 5l Ay gaa S (a5 (o5l Aalia ial (1

694



