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ABSTRACT

Two field experiments were carried out at Giza Agricultural Research
Station during successive seasons 2004 and 2005 10 evaluate the effect of four
irmigation intervals (irrigation every seven days, irrigation every seven days until
silking then irrigation every two wecks, irrigation every two weeks until sitking
and irrigation every seven days and irrigation cvery two weeks during the whole
season) and two maize hybrids (TWC 310 and TWC 324) on maize yield, its
components and some water relations. to determine the most important yield
components using different statistical procedures Results showed that irrigation
intervals, differed significantly with respect to ear diameter, number of grains per
row, number of grains per ear and biological yield (ton/fed) in the first season.
Whereas, in the second season irrigation intervals were found to be significant for
ear length, ear diameter, number of barren per plants, plant yield, grain yieid
{Ardab/fed) and biclogical yield (ton/fed). Resulis also indicated that both hybrids
were not significantly different, except for number of grains per ear in the first
season and biologica! yield in the second season. The interaction between
hybrides and irrigation treatments revealed that, to obtain the highest maize yield,
yield components and water use efficiency, it could be recommended to plant
TWC 310 and irrigate it every seven days. Furthermore, simple correlation
analysis revealed that seven yield components were found (o be highly significant
and correlated with plant yield. Whereas, multiple linear regression analysis
exposed five yield components that had the highest contribution to maize plant
yield with R? equals 10 0.938. However, principle component analysis was more
cificient than simple correlation analysis and stepwise multiple linear regression
analysis, which assigned only four yield components that could accounted for
95.045 % of the total variation. These four yield components were ear length,
number of grain per row, number of grain per ear, and 100-grain weight.
Therefore, it is recommended to select for these four components in breeding
programs for maize hybrids.
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The soil moisture constants (% per weight) and bulk density (g cm™) in
the depth of (-60 cm are shown in Table (2).

Table (2): Soil moisture constants of the experimental field at Giza
Agricultural Station
Field Wilting Available
capacity % point % water %
41.85 1861 23.24
33.68 17.5 16.18
2836 16.92
28.05

Meteorological data at Giza Agricultural Research Station i.¢, maximum
and minimum temperature (T.max and T.min, °C), wind speed (WS, m/s), relative
humidity (RH, %), actuai sunshine duration {SS, hour) and solar radiation (SR,
cal/cm’/day) are shown in Table (3).

Table (3): Metesrological data at Giza Agricultureal Research Station in
2004 and 2005 growing seasons

L October

To enhance the process of screening vield components of maize, two
weather parameters were included in the analysis i.¢. mean air temperature (°C)
and solar radiation (cal/cm’/day). Mean temperature and mean solar radiation for
two growth stages were calculated as followed:

1. From planting to the 50 % silking,
2. From planting to maturity.

Mean air temperature at the above mentioned growth stages and basc
temperature (Tb, the temperature, under which no appreciable growth occurs
equals to 10°C as defined by Jones and Kiniry, 1986) were used to calculate
growing degree days (GDD, ° C) and as followed:
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MTemp =(T.max + T.min)/2
GDD = MTemp - Tb

Water relations
1-Actual water consumptive use

Actual evapotranspiration was estimated by the soil sampling method
and calculated according to the Israclsen and Hansen (1962) using the following
formula:

(6;-9,) XBd X 60X 4200
100 X100

Cu=

Where:

CU=the amount of consumptive use in m’*/fed.

© ,=soil moisture percentage afier irrigation,

O ,=s0il moisture percentage before next irrigation.
Bd=bulk density in g/cm®

2- Water use efficiency (WUE)
Water use sfficiency values were calculated as (kg/m’) for the different

irrigation treatments by the following equation (Vites, 1965).

Grain yield (kg/fed)
Consumptive use (m'/fed)

WUE =

Statistical procedures:

1. Data were statisticaily analyzed according to Snedecor and Cochran (1980)
and treatment means were compared by least significant difference test
(LSD) at 0.05 level of significance.

2. Simple correlation coefficients were computed among the studied characters
according to the method described by Stecl and Torrie (1980).

3. Stepwisc multiple linear regression was used to determine the most important
yield components, as independent variables, which significantly contribute to
the total variability in grain yield as dependent variable (Draper and Smith
1981).

4. Principle components analysis was used according fo the methods of
Berenson er al. (1983). The basic purpose of principal components is to
account for the total variation forming a new set of orthogonal and
uncorrelated comiposite varieties. Hence, the first composite (i.e. principle
component) will have the largest variance; the second will have a variance
smaller than the first but iarger than the third, and so on.

RESULTS AND DISCUSSION

1. Effect of irrigatior: intervais

Results presented in Table (4) showed the main effects of irrigation
intervals on maize yicld and its components during 2004 and 2005 growing
seasons. Irrigation intervals were found to be significant with four characters: ear
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diameter (cm), number of grains per rows, number of grains per ear and
biologica! yicld (ton/fed) in the first season. These four characters are important
yield attributes. Ear diameter and number of grains per rows are indirect
indicative of the ability of ear to bear grain (Kiniry and Knievel 1995). Whereas,
number of grains per ear is an indirect indication of plant yield (Ouda and
Mouhamed 2006). Furthermore, biological yield is a measure of both grain and

straw yield.

In the second season, irrigation intervals were found to be significant for
number of barren plant, ear diameter (cm), ear length (cm), yield per plant {g),
grain yield (Ardab/fed) and biological yield (ton/fed) (Table 4). Number of barren
plants is related to final maize yield, where when its number increases the yield
decreses (Hassib 1997). It could be concluded that increasing available soil
moisture increased vicld and yield components. These results are in agreement
with the results cbtained by El-Marsafawy (1991) and E!-Shafeei (1993).

Table (4): Effect of irrigation intervals on yield and yield components during
2004 and 20405 seasons,

1.2. Effect of maize hybrids:
Results in Table (5) indicated that TWC 310 and TWC 324 were

sigaificantly different in number of grains per ear in the first scason, whereas in
the second season the two hybrids were significantly different in biclogical yield
(ton/fed). The rest of the characters were not significantly different. This could be
attributed to the fact that both are three way hybrids, which are genetically close
to each other.

1.3. Effect of the interaction between irrigation and maize hybrids

The effects of the interaction between irrigation intervals and maize
hybrids on yield and its components are presented in Table (6). In 2004 growing
season, the interaction between irrigation every seven days (I1) and TWC 310
(V1) produced the highest value for plant height (cm), LAl, ear diameter (cm),
number of rows/ear, number of grain/ear, grain yield {Ardab/fed) and biological
yield (ton/fed). Whereas, in 2005 growing secason, the highest value of LAI,
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number of rows/ear, number of grain/ear, plant yield (g), grain yield (Ardab/fed)
and biological yield (tonffed) was obtained under the interaction between
irrigation ¢very seven days (I1) and TWC 310 (V1). Thercfore, it could be
recommended to plant TWC 310 and irrigate it every seven days to obtain the
highest yield and its components.

Table (5): Effect of hybrids on maize vield and ity cemponents during 2004
A and 2005 rowm seasons

Mean Cmsses
TWC 324
2004 2005
K Plant height . ) 237.00 | 249.33
LAI . ) 6.32 7.78
No. of barren plants . . 5.83 942
Ear diameter . : 4.73 4.69
i Ear length : : 2215 | 2231
No. of row/ear 3. . 12.73 13.04
No. of grain/row . _ 4748 | 49.48
| No. of grains /ear 35. . 614.97 | 62787
Plant yield . . 250.50 | 24917

100-grains weight . : 3478 | 34.51
Grain yield . ) . 18.79
| Bioiogical yield

Characters

Table (6): The effect of the interaction between irrigation and maize hybrids
on ‘ 1eld and :ts com oncnts ln 2004 and 2005 gr ruwm seasons.

Irrigation ighe Irrigation
X hybrid X hybrid
Plant height It XVvI . IHXV2
LAI I1 XVl . ItX VI
No. of barren plants M4 XV2 . I3 XVv2
Ear diameter I1XV1 . I2XV1
§| Ear length BXVI . nxv2
il No. of rows/ear It X V1 . I X\r i
il No. of grain/row IXv2 . i1Xv
No. of grzins/ear INXVvi . X Vi
Bl Plant yieid Inxv2 . mxv:
it 100-grains weight I xXwv2 . ZXVi
i Grain vleld HxXvr | : HXVi
i Inxve | ., HPA'S

2. Water relations
2.1, Actual water con suspiive use

Seasonal acteal walet consumptive use as affecied by irrigation
intervals, maize varieties and their interaction are recorded in Table (7). The
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results of consumptive use irre ive to irrigation intervals and maize varieties
together were 2320 and 2423 m"/fed for the first and second season, respectively.

Differences between such resuits may be due to the variation in the weather
conditions, especially air temperature.

For irrigation intervals and regardless of maize varities, actual water
consumptive use in the first scason was 2410, 2329, 2283 and 2261 m’/fed for
irrigation interval 11, 12, I3 and 14, respectively. Values in the second season were
2540, 2416, 2425 and 2313 m’/fed for the same respective irrigation treatments.
These results indicate that consumptive use decreased as the available soil
moisture decreased in the root zone of plants (i.e. irrigation maize plants at long
irrigation intervals). These results are in agreement with the results obtained by El
Marsafawy (1991) and Ashoub ef al (1996).

For maize hybrids and regardiess irrigalion regimes, water consumptive
use in the first season was 2357 and 2284 m/fed for V1 and V2, respectively.
The values in the second season were 2458 and 2389 m’/fed for the same

respective varieties.

2.2, Water use efficiency (WUE)
Results of water use efficiency are recorded in Table (7). Such results

indicated that irrigation at seven days produced the highest water use efficiency,
viz 1.13 kg/m’ in the first season and was 1.15 kg/m’ for irrigation every seven
days until silking and irrigation every two weeks (12).

For maize varietics, the obtained results shown that the vatues of water
use efficiency were 1.09 and 1.10 kg/m’ for hybrid TWC 310 in the two growing
scasons, respectively. Whereas the values of water use efficiency for TWC 324
reached to 1.05 and 1.11 kg/m’ for the same respective seasons.

Results in Table (7) showed that irrigation every 7 days or 14 days with
maize hybrid TWC 310 were superior in water use efficiency, as compared with
other interactions.

3. Simple correlation coefficients
3.1. In the stage from planting to 50 % silking

Results in Tabie (8) showed that growing degrec days have highly
significant and negative correlation with LAI and grain yield/plant (r = -0.89 and
-0.95, respectively) Temperature is the pnmary factor driving crops
development, where high temperature increases development and consequently
reduces yield (Ritchie and Ne Smith, 1991). Solar radiation was found to have
highly significant and positive correlation with LAI and grain yield/piant (r = -
0.65 and -0.67, respectively). Leaves are the primary organ for solar radiation
interception and photosynthesis. Assimilate production and final yield is
positively related to solar radiation interception (Gardner, ef al., 1985). Results
also showed that LAl was found to have highly significant and positive
correlation with grain yield/plant (r =0,97).
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Table (7): Water consumptive use (m’/fed) and water use efficiency (kg/m’)
for maize planted in 2004 and 2005 growing seasons

Hybrids WCU (m Ifed)
) 2004 2005
Vi1 2441 2598
V2 2379 2482
Average 2410 2540
V1 2384 2448
V2 2274 2383
Average 2329 2416
Vi 2312 2449
Y2 2253 2400

F Average 2283 2425
‘ \'2 | 2292 2336
\ 7/ 2230 2289

Average 2261 2313

V1 2357 2284
' 2458 2389
Ov l sverage

Table (8): Correlation matrix between maize plant yield and growing degree
days, solar radiation, and leaf area index at the silking stage over
the two growing seasons

K haracter
[ Growing degree days (GDD)
i Solar radiation (SR)

3.1. In the stage from planting to maturity

Simple correlation coefficient between grain vield/plant and its
component ar¢ prescnted in Table (9). The results showed that ear length, ear
diameter, number of rows/ear, number of grains/row, number of grains/ear, LAl
and 100-grain weight were positively and significantly correlated to grain
yield/plant with correiation coefficient values eguals to ¢.97, 0.98, 0.81, .95,
0.85, 0.97 and (.95, respectively. The above mentioned characters are important
vield components. Assimilate production and translocation to the growing grain is
done by the leaves (Tcllenaar and Daynard 1982}, Number of barren plants was
found to be nepatively and significantly correlated to grain yield/plant with
correlation coefficient values equals to <. 87, respectively. These finding are in
agreement with those obtained by Hassib (1997), Ei-Afandy and Abdel-Aziz
(20003 and Mohamed 21 o/, (2002).
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Table (9): Simple correlation coefficient between maize grain yield/plant and
its com 0nents

Significant at 0.01 level.
EarL=Ear length, EarD=Ear diameter, Row/E=No. of rows/ear, Grain/E=No. of
grains/row, G#/Ear=No. of grains/ear, BarP=No. of barran plants, X7=LAl, 100-
G=100-grain weight, PLY=Grain vield/plant

4. Stepwise regression analysis
4.1. In the stage from planting to silking

Number of rows/ear (Row/E) and leaf area index (LAI) in the stage
silking were found to be the most important yicld components in the stage from
planting to silking, whuch have the highest relative contribution (R%) to maize
plant yield (Table 10). Results also showed that R’ was high (0 936) and the
standard error of estimates was low (SE% = 3.67).

4,2. In the stage of from planting to maturity

In the stage from planting to maturity, five yield components were found
io have high relative contribution to maize plant yicld. These yield components
were ear diameter (EarD), number of barran plants (BarP), ear length (EarL),
number of rows/car (Row/E) and leaf area index (LAI) (Table 10). Results also
showed that R? was high (0.938) and the standard error of estimates was low
(SE% = 3.51). These results were in agreement with the results oblained by
Ashmawy and Mohamed (1998) and Mohamed et al. (2002).

Table (10): Contriiruting yield components to maize plant yield as revealed
‘ mse multl ple lmear re ress:on for two rowth staes

Prediction Equation

1. days to ¥=523.226 - 0.112(GGD) "+0.028 (SR)
§  silking - - - -2.195Row/E) + 11.289(LAD

. Y=445.75+98. 978(EarD)
| 2. days_ to _ . ) ~3.682(BarP)” +11. 662(Ea:L)
| maturity - 4.250(RowE) + 7. 144(LAD™

Slgmﬁcant al 0. 01 level.
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S. Principal component analysis:

Principal component analysis results over two seasons of 2004 and 2005
showed that two independent components were considered (Table 11). The first
component accounted for 95.045 % of the total variation. This component
included ear length, number of grains/row, number of grains/ear, 100-grain
weight and plant vield. The second component accounted for 4.955% of the total
variation. This component was represented by ear diameter and number of
rows/ear. Principle component analysis showed that these four variables were
highly correlated with maize plant yield. This result was in agreement with what
was obtained by Ashmawy and Mohamed (1998).

Table (11): Results of principal component analysis over both seasons of
2004 and 2005

Ear diameter (cm)
No. of rows/ear
| No. of grains/row

! No. of grains/ear

| Grain yield/ plant (g)
| Percentage variance
| Cumulative variance

CONCLUSION

The results indicated that the highest plant yield for maize planted in
both growing seasons of 2004 and 2005 was obtained when the plants were
irrigated every week throughout the season. Furthermore, the highest yield was
obtained for TWC 324 for the two growing seasons. This siudy also revealed that
irrigation every 7 days or 14 days with maize hybrid TWC 310 were superior in
water use efficiency, as compared with other interactions.

Three statistical procedures were used to determing the most important
yield components. Simple correlation analysis revealed that seven yield
components were found to be highly significant and correlated with plam yield.
Whereas, multiple linear regression analysis exposed five yicld components that
had the highest contribution to maize plant yield with R® equals to €.938.
However, principle componen: analysis was more efficient than simpie
corrclation analysis and stepwise multiple linear regression analysis, which
assigned only four vield components that could accounted for 95.045 % of ihe
total variation. These four yicld components were ear fength, musber of grains
per row, number of grains per car, and 100-grain weight. Therefore, i is
recommended o select for these four comiponents i the breeding programs.



404 Annals Of Agric. Sc., Moshtohor, Vol. 44(1), 2006

REFERENCES

Attia, M\M.; Agrama, H A. and Khalifa, H.E. (1994): Effect of irrigation intervals
on yield of some corn varictics in calcarcous soil of West Nubaria
Region. J. Agric. Sci. Mansoura Univ. 19(10) 3155-3162.

Ashoub, M. A ; Hassanein, M.S.; Abedel-Azize, 1. M.; Shahin, M.M. and Gohar,
M.N. (1996): Influence of irrigation, nitrogen, zince and manganese
fertilization on yicld and yield components of maize. Ann. Agric Sci.
Ain Shames Univ. 41(2):697-711.

Ashmawy, F. (1994); Multivariate and response curve analysis for important
yield factors in maize . Ph. D. Thesjs, Fac., Agric., Moshtohor,
Zagazig Univ.

Ashmawy, F. and Mohamed, N.A. (1998): Component among some statistical
procedures in estimating yield and its components in maize. J. Agric.
Sci. Mansoura Univ., 23(5): 1873-1879.

Berenson, M.L. Lenine. and Goldstein, M. (1983): Intermediate Statistical
Methods Application. Englewood Cliffs, N. J pp: 42429,

Draper, N.R. and Smith, H. (1981). Applied Regression Analysis. John Wilay and
Sons, Inc. New York. pp 171-172, 397-402.

El-Afandy, Kh.T.; and Abdel-Aziz, A.M. (2000); Relative importance of some
growth and yield characters of maize as affected by some agricultural
practices under saline conditions at siwa oasis. Send for publication.

El-Marsafawy, S M. (1991): Effect of nitrogen fertilizer and water stress on
growth, vield and evapotranspiration of com M. Sc. Thesns Fac.
Agric., Moehtohor Zagazig Univ,, Egypt. :

El-Shafeci, M. A A. (1993): Effect of some agncultural practices on maxze M. Sc.
Thesis, Fac. Agric. Moshtohor, Zagazig Univ. Egypt.

Gardner, F.P.; Pearce, R.B; Mitchell, R.L.. (1985): Physiology of Crop Plants.
Towa State University Press. Ames.

Hassib, M. A. (1997): Estimation of statistical genetic paraineters and combining
ability in maize crosses under different environments. M. Sc., Fac.
Agric. Ain Shams University.

Israclsen, O. W, and Hansen, V.E, (1962): Irrigation Principles and Practices.
John Wiley & Sons, Inc. New York.

Jones, C.A. and Kiniry, 1.R. (1986). CERES-Maize: A simulation model of maize
growth and development. Taxes A & M University Press. College
Station, TX. pp. 49-89.

Khedr, P.J.; Maltta, S.E.G.. Wahba, M.F. and El-Koliey, M.M. (1996): Effect of
water regime on yield of some maize cultivar and water relations.
Bull. Agric. Cairo Univi. 47(1):87-98.

Kiniry, J.R. and Knicvel, D.P. (1995). Response of maize kerneis number to solar
radiation intercepted soon afier anthesis. Agron. J. 87:228-234.

Mohamed S.G.A.; Sowlim, SM. and Salama, S.M.. (2002). Estimating
predication equation of yield and its characters in maize using some
macro climatic and micro environmental factors. J. Agric. Sci.
Monsoura Univ. 27(70):4355-4370.



Studies On The Inter-Relationship Among Irrigation...... 405

Ouda, S.A. and Mouhamed, S.G. {(2006): Predicting the role of some weather
parameters on Maize productivity under different defoliation
treatments. J. Appl. Bio. Sci. In press.

Piper, C. S. (1950): Soil and plant analysis. Univ. of Adelaid Australia.

Ritchie, J.T. and NeSmith, D.S. (1991): Temperature and Crop Development. fr;
Modeling plant and soil systems. American Society of Agronomy.
Madison Wisconsin. USA.

Shalaby, Y.Y. and Meckhail, SM. (1979): Effect of planting date, watering
intervals and nitrogen rates on maize. Ann. Agric. Sci.,, Moshtohor,
11:25-34.

Snedcor, G.W. and Cochran, W. (1980): Statistical Methods. 7" Edition, Iowa
Stat. Univ. Press, Ames., lowa, USA.

Soad, A.M.M. (1981): Estimation of the relative importance of some characters
contributing to grain yield of some maize hybrids. M. Sc. Thesis. Fac.
Agric. Moshtohor. Zagazig University.

Steel, RG.D. and Torrie, J.H. (1980): Principles and Procedures of Statistics, a
Biometrical Approach. Mc-Grow-Hill Book Co., 2™ ed., New York,
U A S

Tollenaar, M. and Daynard, T.B. (1982}: Effect of source-sink ratic on dry matter
accumulation and leaf senescence of maize. Can. J. Plant Sci. 62:855-
860.

Vites, F.G.Jr. (1965) increasing water efficiency bv soil management. Amer.
Soci. Agron., Wisc. 26; 259-274.

AU gy J pareall o Agalddl 2 30! Cilival ey g 5 ol Gy DD A o
dpibanyl G lll (ieay aladluly Al Clitlall
" Az Aghe g.i_n.d,ul.us. Jeld S sani a4
Al y slaally el Y1 gy sgme — il gy 4l SUERD Siyay ad ®
Tt 3 Sipadh S e -
Aoyl Sigagdt 38 ya =~ Slaa) Jiadlly specadll a5 58 5all Janddt **

Lyl Yeeo g Yoot g a3l OGla Sl a0 Sy el
S ol Ul VS g ) g R 5 Ayl S el S A pesae Aladiad
o Omegnal JS gl cabiandt da Gue el JS Se pjadl Saedk a4 Y
. il H}.d}lauywids‘;)ﬂ sjhaaj‘uia‘.‘uai\f' &;nﬁ)ﬂl e
G':L—"A"}” ol S Db 5 5. G ‘;.5 Flal g B ja I é&:ﬁ\ Al JREIm
CJHLlJ J-—l;}-sj! .)-\__ﬂ.m'l _)‘.\—AJY"- —_ .!n;p.nji Lh:‘)\.‘:"i — J"-ﬁ;‘ : Ll;.v‘ 3 w d&'!
A il ol
cdnally (ognll e s 1550 bl Kda il g ‘iJm!J d;x"‘: @.Q?ini (.....3..1!
4_sgiaa u'.:....;lﬁ q;):}y.h u‘yﬁ&-‘j _)S.—L“ ».:;‘G‘ali RET) a_“;gs... ....Jyaji BT
Me Sl ytal s Jgd Ahia XS G o 8 s palt Dunidly



406 Annals Of Agric. Sc., Moshtohor, Vol. 44(1), 2006

Jy—anay Glailly gl Jyemas el Gagall Jgaane ¢ SH Ll
B IPRPUUTE YV VR P

Oty ¥V o OB ol O Y pina (306 2929 po ol Ciaiaf
Ja—sasdly IV ot 550 puagadl 3 5480 Cogaall ac lacla ¥YE DN
o G LV I aa gy Loy yy JUOI od 5l gl 3 o sl sad
P BT R

A gl i ed S 4al8N 03 Jaana o Ling il o pedil
p—sagall b L pall ddic g gn Chg )l iR IS an s 3y SOV 00
_ ool

Aihia (4 DL 3 Jpaad S SDAELY Jaia gie of @il Caania
oS O [P YEYY YV gl 5 4 el Cdlles Gigyla Caad 3 )
il e Gy J gV e gl

Sy ¥V (N Osagd G Jelith of 6 My Ol On Jelidl Hedily
e M 3l i 2eli€ Lol y Jpuana ot et o) Tag JS

O Aggladl Moy an g blS ) a5y o dagedl Lals Y1 Jidas a0l s
oy 5580 Jyka oay Jpeanall il e Clina piary Sl J gean
Jiby 55810 gl ey Chually Gall sac g S Gishall a0y 548D
s AL G5y 3V 4alia

A8 G el e guad o o pall sV ilad pols Ciaa
cOATA (R bl Bt cllS Cgm Sl J prmas (i Ll
«;:Li._...ac_._)i ’H‘ALMJ‘.L‘ g‘_xe;u,s...“ déla:._,h sclaS ._],IL;:J! _;S‘ uts‘..uga
S Jaka 1 oa Clicall s3ay o 4N CUDEAYY e % 10,00 Ay Lol
A B 5y ¢ a8l upaldi sae cciially Ggall dae

-t

AL Apa gl Sy B Laay

rg—adl dae ciaially Gagaldl 230 SN e Sliial GBSYL ooy
AL 5 Al J prmn ey aualall dg 3l c_g‘_)g‘_rli.p.jt.?u‘ TR BE-UN

-4
-Y





