Korean J. Soil Sci. Fert. Vol.55, No.4, pp.390-401, 2022

Korean Journal of Soil Science and Fertilizer

Article

https://doi.org/10.7745/KJSSF.2022.55.4.390
pISSN : 0367-6315 eISSN : 2288-2162

Evaluation of Soil-N Distribution and Corn Yield in Fertigation

Systems

Dong Hyeok Gong*, Sang hun Lee, Ki Yuol Jung, and Hyen Chung Chun

Researcher, Crop Production Technology Research Division, National Institute of Crop Science, RDA, Miryang 50424, Korea

*Corresponding author: dhgongl@korea.kr

Received: October 19, 2022
Revised: November 21, 2022
Accepted: November 22,2022

Edited by

Young-Man Yoon,
Hankyong National University,
Korea

ORCID

Dong Hyeok Gong
https://orcid.org/0000-0003-2612-4282

ABSTRACT

In Korea, field crop yields are steadily declining due to drought though it can be managed through irrigation. To
address this problem, irrigation technology using subsurface drip line (SDL) has only recently been developed
and distributed in Korea. In this study, fertilizer was supplied through SDL while growing corn on the arable
land where SDL were buried. SDL was installed and a venturi system was connected for fertilizer injection.
Irrigation and fertigation were controlled by connecting to the control panel. During corn cultivation, soil mois-
ture levels were maintained at 100% and above 100% of the field capacity by soil moisture sensor. Nitrogen
amounts and distributions of nitrate contents were measured by distance from SDL. Corn growth and yield
characteristics were also measured. As a result, the total amount of nitrogen by distance released from the SDL
was uniform, When evaluating the distributions of nitrate contents in the soil released from the SDL, NO; was
spread first to the upper part of the soil (after 1 day). And, after 9 day NO; was spread evenly over the upper part
of the soil rather than leaking to the lower part. It was determined that nutrients could be stably supplied to
crops. There was a tendency that weight and diameter of ear during the growth of corn were greater than those
supplied with topsoil, and the corn yield was also increased. Subsurface drip fertigation system is expected to
have a positive effect on agricultural automation for better agriculture production.
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Distributions of nitrate content in the soil released from the subsurface drip over time; red dot:
location of subsurface drip line, unit of legend: nitrate concentration (mg kg™') - Each color repre-
sents a certain range of values, nday: n day after fertigation.
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Introduction
= -84 vl = e AEE WS Sl F9otks IS Y= (Geleta et al., 1994; Roth et al., 1995).

] G ool A LpePtRol, THl= HImE AR S| Be HATS 5ol AUshA 3aohkes A2 Qnfeith. THlE
ATl sk U Y 2ol HlE B30 A7 s, 9 eiklofl g - fiFe|et 2 7 A E
Aol H|=E ok 5ol 3t (Biswas, 2010). o] 213 P = 2= ZHHH§ BolsHA stal P/H = ARG &
42 SRt 8843 o] IR ARE RS EoH AR E= 2012 RES = HIRE S HIR AFSC 2 Q19
e FE =Y 5 §lof T ol thol] Al A=] o]ttt (Hagin and Lowengart, 1995; Li et al., 2004).

o= TS 22 A AT o] B8] EoF U] TEEE XA ofELe Eolsll HhA o & uhdstlr) A%
AN HA TS 2| 3o Aok A o] of 2} 2]l mildsto] 42/38]E 553ttt (Girma and Jemal, 2015).
2% 2] ] 902 ZHe5PH offo] Ha] Z9)of ASL L2 51 15 & 4= ¢t} Coelho and Or (1999)- #]
AR ] F]do] AREARI B SE S FIARITAL Bl o] Aok A5 A4 | Flo] 3gH &
29| o542 7ol Fe R o] S AT BE ] R S SV IFS= Wit Dhake et al.
2009y A5 A WHHS 245t vz T2 BEvlES] A, U ZE 8488 T7MIFTL B

Shedeed et al. (2009)> A5 H4] kS E81t HE F5°] Fa, QK ZE 573 2lras S7HIA Bl
olg B&S EU, A 08 S STMIFTL AT Lee etal. (2021)2 TR 3522 H|E 0§ B-&0] &

= 75% AR 64% 714 ST BHL AL, Kim and Rho (2022)+= 2| 5505 ¢ Al A] 810] 27%7}
F ST E AT B,

Lx]of] A9ket A5 A ] A| AR E/H]| 5.9] X3 E= A|ohR 0] 53 F|AstotaA 2ta b2 S7HIX]
T} (Girdends et al., 2005). 9| 2201 -535H= Hlm & ST 5Lt oS A3 4= 31tk Kwong et al. (1999)
SN H=E 30% A3 w] AF=p- o] 13l R} 2ol 7} Qlkal BFlrt. Singh et al. (2010)2 A5 4]
S B35t v]E TFOR E] o] 8 - 41% S7ISIHAL, B]E ARS] 20 - 60% A7sIirka Wit 7]
Z ATE|AE £45> (Chauhdary et al., 2017), EALE (Dhake et al., 2009)2 A o TS 285 A 2=
Fg/do] T7tekE A& YETh

A5 AT Z-83t ] AARRE sfeoflx] 2 30 d B | AE ol A8 ZfgE|ojgith. Martinez
Hernandez et al. (1991)-> \[=ol| A Lp= Ajul] A] 2] 35 7] 9} 2|5 7] O] Zfo | & Bl w5t o] 5LoflA P, K &
Ta oA AT RIZEH B Erhe AvE H A o] F of2] A= A A el A5 A A ThE E83t
] ]/\E“ S 285139tk =3} (Janat and Somi, 2001; Aujla et al., 2005), =< (Lamm et al., 2004), AP
(Rajasekaran, 2007) 5. ©] A7 =2 35402 A4 S48, oo 12|11 o8 §-80| IRE ST 2ES A
Qlct. o] THH|A|AH] 7R oh 2t ] of] Aglet H]= FEl (Raman et al., 2000; Tumbare and Bhoite, 2002),
B2 ARE 284 (Burt, 1998; Veeranna et al., 2001), 12] 31 Y] A7&3 (Tumbare and Bhoite, 2002)°] T2t &1
= WA Uit ol 2HE0] e Aol || A]10] 283 7|& Zido] &S] o] FojA|ar glont |
7EA] S-ejuket 2 Aol A 25 &S o]- 85k A AF o] A8 ARl 1%l

F =lollA F Q1= o) et it syt whEA| ZI98%]AT Qleh (KOSAT, 2022) (2021 57 Q1= 221%F5,000
Mo g A giH] 4.3% T4, 654] o1AF T 1= 2020 42.3%0114 2021 46.8% 2 4.5% p Z71). ool 71& 3
Zrolof W Qs =S 240l B AFEslsls Hisko 2 Loyl Qi) o]#]sh olshA of AL 23 AT}
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Materials and Methods

S M 2 A= =AY ERAEE W (A W) 24 20204 39 E 20219 74
7] =385, 204 252 Aol (Iimichal) 01117, 2020 69 10, 2021 59 19Q] ThE513ct 15 12
= 7} 60 cm M| 2 25 em 7H4 0 & oA ApEstTt (Fig. 1). 1 A AR 2F2E Hl= ARS A 7] (RDA,
2021)°]l TEFN-P,05-K,0 = 7.25-3-6 kg 10a™ 9] &2 7|H|2 A[H[6} a1, 2= V11 A]7]0]] 7.25 kg 10a™ 9] A4
£ FH|= AT V11 A7 ] S5poll A A& Alelstal o] 11714 39t A7 1& Eetet. el 24
71H]9} d A FH]of] @4 H|= (171 o], DA 46%)E &=l 5-506] 5o Tl 71H] 5 it (84940H],
AH17%) 0} 7H (F37H, 2] 60%)= FE] AH[SIITE tixle Aa 78|19 A 8|15 TElFe 22 A7
of| FEof| AJR|SI. w1 F S Al 5287 TA Ol =5kt

120cm

Fig. 1. Experimental corn spacing design (one treatment); blue dot: subsurface drip line (SDL), row width 60 cm, row
length 25 cm, SDL spacing 120 cm, SDL was installed 30 cm underground.
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MET T W R A AP T 7] AR olRolth BRI el 217t 85T (field
capacity, FC) 100%, FC > 100%= FA5F31tt. (Ko and Piccinni, 2009)-2 EFH glago]| wha} ] A] 442 =
ol th2cty Bt an, olof| whal, EQF 428w 255 E] =371 ZH2EFC 100%, FC > 100%2 72151
t}. 9714, FC 100%+= EFS 2135l =48] (1600 extractor, Soilmoisture equipment corp, USA)E ©]-81 0.3
71etoll A ZAE 7125.7%2 7156101 25% (v v E ASFAIL, FC > 100%=30% (v v & AAstoch Ekrgh
F2 gt A7 A5t 20 emol A SASIAL, AlSwkS v o= ollA 7Rt g (25%, 30%)< #15t 20
emE 7]50te] fAISkT AH] H A2l o] 90, iR, A= o] 2o He 2 AT 34 m (THR)
2.4 m (M2)Z 5l F 9712] A= TtollA <5 Aottt (Fig. 2). A% 43 (Uniram, Netafim, Israel)<
1 A2 120 cm A0 2 25 A58, 159 34 m 2o 2 AA = & 1852 A% FA e A5t

FC > 100% FC 100%
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Fig. 2. Experimental piping design, Main treatment: soil moisture FC 100%, FC > 100% Sub treatment: fertigation, control
and NN: No Nitrogen treatment, fertigation was injected from venturi.

A58 1 ton = Aelof] 50 mm PE -8-1h& AE5I1AL, | T2 IR AIARIRI HF2]E 86k
t}. HlEa]ofl= Az H 2 A 2510 Hlo]7|9} AAs)] EA A Tol| At ZEsl e 2 A BlEa] o] 550

<]
)
2
r <]
1o

mm PE-8<¥hS T} Uehs] A4sIGl, 25 mm PEST-S ARSSl 215 A&t Adsiqint. 4]
Aol = dAPE E (solenoid valve, bermad, Israel) S A|017]2} AAIS] AHs- S 2 I=5 51Ttk

)~l
ol
i ol
?
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2
2

71€} AAH B AA A ole 3 7108 shlrh A5 A2 o B 71s, e ], B wel o
2] 7150l e AlES ol 8ottt 215 AT A2 Zd o1, W 14.2 mm, 571 1 mm, HA7] 7H-220
cm, |t 518 9212 350 kPao | ZF A7 |ubch A7k 2.3 LO] 452 2ot AL 30 cm Zolol A}

S5 B o] fAIE =S W5 S5t
7} 2] e EQRE AA (Terros 12, METER, USA)S 421510 20 cm ZolollA] 1 A7Halct B4R S E

L% EQFECE =759t Bhattarai et al. (2008)2 A5 A4 A|AHIO| A EQF Zlo|H EQkrRo
A3 AT} 20 cm Zo7HR] ESE e 7P AdE o] w3 A4S FASHE Holu 20 cm O] S E = ¢t

“E{.
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2 GA|GICH 242 Wck 0|} e A lo] Wt 2 Aol QP AR QR g 31420 em 2ol
A EJ5E S0, AUTES AIHOE EP4E FFL I NOE 450 28 A AP} I5otEs
=

ARG A2 AAISHTE. o2 Sl A% 7105 floke EgREe] S5 wS 519t (Table 1),

Table 1. Average and standard deviation results of soil moisture, soil temperature, soil electrical conductivity from
automatic subsurface drip irrigation.

Set soil moisture Fertilization Soil moisture Soil temperature Soil EC
(%, vv?h) method ' (%, vv?h (°C) (dSm™)
Fertigation 28.01 +3.27*ns 21.94+£2.68b 0.09 + 0.02*ns
100 Control 27.53 £2.32%ns 21.72+£2.67b 0.09 £ 0.01*ns
NN 27.79 £ 2.14*ns 23.54+£294a 0.08 £ 0.01*ns
Fertigation 30.72 + 1.63*ns 21.46 +2.45*ns 0.1107+0.01b
100< Control 30.70 +2.30*ns 21.51£2.52*ns 0.1171£0.02 a
NN 31.20 + 1.25%*ns 22.24 £2.95%ns 0.1163+£0.01 a

TFertigation, Control (top soil fertilization), NN (no nitrogen treatment), set soil moisture n% means n% of field capacity.
*Statistical analysis by fertilization method within the same soil moisture content, a,b and ¢ represent significant difference
level at 95%.

EY BN S5 ol EY AleE AFste] EA 31 (pH, EC, 715, wehd o2 (Ca, Mg, Na,
K)), 2% (available P,Os)= w4513t 5531874 EFFel 741 H (NAAS, 2010) 0] w2416kl A ¢

L =2
EF 24 2322 Aol 2Rt kb dS BT (Table 2).

Table 2. Average results of soil chemical and physical analysis (2020, 2021).

pH EC TNT OMT  Avail. P,O®  Exch. cations' (cmol. kg™) Texture (%)
(I:5)  (dSm") (%)  (gkg’)  (mgkg") K Ca Mg Sand  Silt  Clay
2020 7.65 0.08 0.10 17.88 473.37 0.50 6.96 1.54 47.54 4126 11.20
2021 7.45 0.09 0.07 18.24 257.55 0.76 6.69 1.77 4277 5243  4.80

TT—N, soil total nitrogen; TOM, organic matter; SAvail. P,Os, available phosphorus; "Exch. cations: exchangeable cations.

44 MS U AB SN BN S4SAKEN U SFTHRAE 955 43 A)7]0] F0 WA AP 2

Ah FE] FLES AF0] ol 1 m, 25 m, 50 m, 100 mo]] {12 A Foli EE 45 G ARE <A
F3ck. AQFt AR L] A 5= Kjeldahl B 0 2 FAgict
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Pipe (25mm)

End cap “ Elbow(50x25mm)

venturi Manual valve

Fertilizer tank

Sampling Point: Tm

« SDL(length: 100m)
Sampling Point: 25m

. . Sampling Point: 100m
Sampling Point: 50m

Fig. 3. Experimental piping design to test fertilizer uniformity over distance; one subsurface drip line (SDL) (50 m length)
installed above the surface, sampling point located at 1, 25 and 49 m.

o= s
kge wASH A3iTh Aldl Aol il g8 AR, FHE 902 T 22 92 FAH. 7]
1

Fig. 42} 2t} & 24 (total nitrogen, TN),

PO ES U o5 H7olr] flol 2ogol X 25 A, A AR E-85t3i) oFol2 2200 Lofl &
| 7

7P (+0.02 day, +1 day, +9 day) = AHZT-S 513.0H, AET] 914
e EE A4 (ammonium nitrogen, NH,), ZAE] A4 (nitrate nitrogen, NOs) S AA 7
USA), Kjeldahl 7]7] (Kjeltec™ Sampler 8420, FOSS, Denmark) S ©]-8-3]| 14151991, H-4] W2 AlakzE517

B W AL (RDA, 2014)°] F5}0 ZALS1ICT

—_ H.I

(AA500, Seal Analytical,

Subsurface Drip Line

O
O
8 Sampling Point
O
O

O v75cm
*each hole was dug to a depth of 1m

Fig. 4. Sampling point for analysis of the movement of nitrogen in the soil; blue line: buried subsurface drip line (SDL),
black circle: sampling point, experiments were conducted by three replicates.

EAXMal FA 42 SPSS program (IBM, v.27, New York, USA)S AF851] ANOVA (analysis of variance)
£ 95% ool M A4Sk S5 S B A 84 T8 R AR A AL I HE 5 (RDA,
2021)°f| =oto] REESHR A, A5 A4 ES R0 vdA 2 B 42 3RHE.0 2 aiigir). B ro]E
S B 2k B EAR UEYLOH, SUe EEREE A2 QoA ARMHEE SA| EAsF
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Results and Discussion

EY-EE S5 U] - 0|4 H|wyh] Ao g S5 A5 - oA B4 4] b= Tables 3, 49+ £t
2020 FC 100% A2l A 1014F F-2 |71 207.33 + 17.19 g, HET193.33 + 10.86 g 0.2 10|20 ]
72 AHETE 14 g =0T oA A2 2T 37.34 + 0.30 mm, TH]TE 38.72 + 0.33 mmE 24 0] 1= Zfel7t
LFERR] QEQEA]TE, ThelALof| A o2 217 o] 2 7 gFo] LrERtTE 202130l % FC 100% A 2fLof| 4] 10]4F F-2 1]
T-146.04+8.51 g, X7 144.44 £2.31 g © 2 FO1A Qli=2tol7F LERR] QESIAIRE, THalHLof|A] 1014t Fo] FA
= 73] HEFIAL, FC > 100% A2 FollA= 1014F Fo] TH| 156.84 £2.60 g, TR 145.64 + 1.08 g2 10]
AFFo] Y7 AT EE 11 g =81

Table 3. Average and standard deviation results of growth and ear characteristics of corn with soil moisture correspon-
ding to field capacity when using subsurface fertigation (2020).

Soil moisture  Fertilization Plant Corn ear
(%, vv?) method " Height (cm) Thickness (mm) Weight (g each™) Thickness (mm)
Fertigation 230.00+9.11a 2439+ 147a 207.33+17.19a 38.72 +3.31*ns
100 Control 229.70+£10.17 a 2446+1.70 a 193.33+10.86 b 37.34 £3.07*ns
NN 209.48 £ 8.66 b 19.73+1.98 b 152.80 £ 15.83 ¢ 36.87 £ 1.74*ns
Fertigation 22894 £ 8.85a 2474+ 122 a 182.26 £20.35b 38.81+2.54a
100< Control 227.30+7.96 a 22.46+£3.39Db 199.20 £ 15.96 a 39.04+2.34a
NN 198.26+9.54 b 18.65+2.94 ¢ 112.80 £16.17 ¢ 3444+2.07a

F ertigation, Control (top soil fertilization), NN (no nitrogen treatment), set soil moisture n% means n% of field capacity.
*Statistical analysis by fertilization method within the same soil moisture content, a,b and ¢ represent significant difference
level at 95%.

Table 4. Average and standard deviation results of growth and ear characteristics of corn with soil moisture correspon-
ding to field capacity when using subsurface fertigation (2021).

Soil moisture Fertilization Plant Corn ear
(%, vv?) method " Height (cm) Thickness (mm) Weight (g each™) Thickness (mm)
Fertigation 221.72 £ 12.63*ns 27.17+ 1.71*ns 146.04 + 8.51*ns 43.95+2.07*ns
100 Control 223.12 + 8.64*ns 26.37 = 1.95*ns 144.44 £ 2.31%*ns 43.95 £2.40*ns
NN 221.88 £ 9.20*ns 26.84 +£2.49%ns 149.20 + 3.97*ns 44.02 £ 1.56*ns
Fertigation 227.70 £ 10.29b 27.36 £2.37*ns 156.84 +2.60a 44.85 £ 1.95*ns
100< Control 238.99+ 1331 a 28.26 £ 1.70*ns 145.64 = 1.08b 43.91 £ 1.96*ns
NN 23344+ 11.25 ab 27.30 £ 1.85%ns 147.82+3.14b 44.05 £2.23*ns

TFertigation, Control (top soil fertilization), NN (no nitrogen treatment), set soil moisture n% means n% of field capacity.
*Statistical analysis by fertilization method within the same soil moisture content, a,b represent significant difference level at
95%.

BHIAAH M8 S5 I ELTEE o Hlu EYE| WE S5 o 24 A= Tables 5, 6
s

T}t 20201 FC 100% A2l ol A= Tt o] tha-Ert 128 kg 102 72148 A =431, FC > 100% A
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gtelA = o] A2l g g2t o] G4 Sl ZolE UEA] 3t (p > 0.05), 2021d¢ll= FC
100% A 2] TLol| A= 3] Sao] th2LH T} 367 kg 10a™ 524 QA =Tk FC > 100%0]A41= ] 221 4=
o] )2 T} 595 kg 102 Z5-3ITH (p > 0.05). Aubert et al. (2016)0] H 173t A} npiriz| 2 34H] AJH]
Al BE AH| RO 44 50| Sp613] O W, T3t Patil et al. (2012)°] HARE Ak s YIS Sl o271
o} Spap o] oAl o= ] AJB7F B E AH|ETE 2FE-9] QY (nitrogen, potassium 5) 2] S5 =
ol7] whizoletal B st ofof whe} | AJH|= H| =5 L4 He] 2t 77k Bl EAT REol8 B8]
TZ|BR 58S S5 = Ao R AR

olN l:l

Table 5. Average and standard deviation results of yields of corn with soil moisture control when using subsurface
fertigation (2020).

Set soil moisture (%, v v Fertilization method ' Yields (kg 10a™)
Fertigation 1965.82 +107.49 a

100 Control 1837.97 + 64.89 a

NN 1446.83 £ 89.30 b
Fertigation 1744.30 + 180.74 a

100< Control 1898.73+£95.84 a
NN 1074.68 £103.23 b

TFertigation, Control (top soil fertilization), NN (no nitrogen treatment), set soil moisture n% means n% of field capacity,

experiments were conducted by three replicates.
*Statistical analysis by fertilization method within the same soil moisture content, a,b represent significant difference level at

95%.

Table 6. Average and standard deviation results of yields of corn with soil moisture control when using subsurface
fertigation (2021).

Set soil moisture (%, v v’ Fertilization method ' Yields (kg 10a™)
Fertigation 2228.88 +64.99 a

100 Control 1861.78 £ 12.09 b
NN 2244.00£57.23 a
Fertigation 2563.11+51.64a
100< Control 1968.44 +32.23 b
NN 1978.89 £47.43 b

TFertigation, Control (top soil fertilization), NN (no nitrogen treatment), set soil moisture n% means n% of field capacity,

experiments were conducted by three replicates.
*Statistical analysis by fertilization method within the same soil moisture content, a,b represent significant difference level at

95%.

i
E
N

o

ZHIAAH ds It ARG AS5S H7IsH] Il Aol tet EESE e el A,
G0l EF Y o5 FdZ w40 ARE R LA Al o] At A3 Aejo] whE ] S A Ak
Fig. 59} 2t} 1 m, 25 m, 50 m, 100 mojlA] A4 & E%%’F—?: 7¥7} 66.27 + 0.96 mg, 63.98 + 0.88 mg, 64.18 + 1.15

mg, 65.01 £ 1.04 mg 2 2 742 7o] Ao uje} F EETHE 50121 2ol 5 HolA] 94t (p>0.05). w2t ¢
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O] A5 ET| 2 2|5 A ATS B8 THHl= 100 m ©[st ol Agjeo] TAgle] o] ddsHA ESH A o=
Helok ol= A% A Awe] 4] FollA frEol 4745 (Lee etal., 2020) HIF2] FAE ARG Bl 7F o+ L5t
Al A o]7] &0 2 Atz Tt (Kumar et al., 2012).

22}
©
o
=)

40.00

TN content(mg)

N
(4
o
=)

0.00 im 25m 50m 100m

Fig. 5. TN content (mg) in the whole water released from one hole of subsurface drip line (SDL) by distance; P-value =
0.17*ns, experiments were conducted by three replicates.

o] EF Y o152 Brtelr] 15l A% AT Fal] Q4] T 90 T Al E}EE U ol 5 e &

7J5H5TE. TN (%nitrogen) ¥ NH, '-N= ¥H] 9 § A1 (+0.02 day, +1 day, +9 day)<>ﬂ FEo Msph et
Z] EQkTk (Figs. 6, 7). NOy-NE=TH] 391 19 T EFAFE (0 - 50 cm)oll 941 42591, 92 -?*Jl%ﬂ] R

702 Ltefsteh (Fig. 8). ol Pl EQF R FE o] A2l by H 02 IR S T4 Yk AL et

Wict. 9] 3= Eltarabily et al. (2019)0] Bl Zulel= oh2 QR o5 S Htt. o] = she] EAo ATt AlE
glojxtg gk Aato]7] thie] of2] EYF 5971 Uehbs AA| Bkt At o2 20 2 Alr gt
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Fig. 6. Distributions of total nitrogen content in the soil released from the subsurface drip over time; red dot: location
of subsurface drip line (SDL), unit of legend: %nitrogen - Each color represents a certain range of values, nday: n day
after fertigation, experiments were conducted by three replicates.
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Fig. 7. Distributions of ammonium ion content in the soil released from the subsurface drip over time; red dot: location
of subsurface drip line (SDL), unit of legend: ammonium ion concentration (mg kg") - Each color represents a certain
range of values, nday: n day after fertigation, experiments were conducted by three replicates.

Depth(cm)

5 15 25 35 45 55 65 755 15 25 35 45 55 65 755 15 25 35 45 55 65 75
Distance from drip line(cm) Distance from drip line(cm) Distance from drip line(cm)

Fig. 8. Distributions of nitrate content in the soil released from the subsurface drip over time; red dot: location of sub-
surface drip line (SDL), unit of legend: nitrate concentration (mg kg") - Each color represents a certain range of values,
nday: n day after fertigation, experiments were conducted by three replicates.

Srayeddin and Doussan (2009)°] H 175t Avlof w2 H 244~ ZFE0] Big)= EQFO 2 HE] (- 30 cm ©|Hof|A]
77V Edsitt mEbA, A5 AETE Foll EEE eo] A=) Hejo Ao R FgH Rold B8
= A Zolgt Helrt.
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