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1. Atomic absorption spectrometry (AAS)
2. Inductively Coupled Plasma Atomic Emission

Spectrometry (ICP-AES)
3. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)



)+#4

B0yS an s § el sl lade bagle Godod
L oS cad “NVF 5 oY TITE ply i S ool o
(Yoo V) oISl 5 i g (VoY) ol il 5 )5 slec 55

S Caisllas

S oJS 3950 w0y Jade 59, 12 5 o8] o
e Jobxo 1 5 oal Gl g s xS el
9 75 ¥ sldgoz) 0l LS p jand g Sl ol e
50 sldgu) il RIS p ks 9 I (3958 e
el S sepe e Sy ol laae aSolxl 1 (Y
Sy ol als plply wiasl oS (35908 435 Condy
5 o8l Gl s cad &y g onel o 4y i a3l
Aoy wdd Sp Olpd el cel o5 ol ol
098 b a5 w5 )1 55 VAAT) iy 9 (o0 39800
g b puals (K oy GbSp jed ol SB 4
D)l 392 i (slp g Hhed (o )Ll Ve
79 08l e quandS laks (53 0 5 o2l golaw A
e 5alS s g al ke I3l s lo Sae
Joie Js (5 A ledgor) 0d kS oal 5 eiimie oS
Bl b G ol @l (A Jsa2) 28k sl LS
Jole ;o e Gl b o)l ple &5T0A90) o2
Mg bl 5 (Kp o (S p s clile (glad
ol RS el S gl G 9 Slses
SWS 2 2 s i 53 JgegiSias YO B0 5l lié Jolons
4 OF sl ey Jad bl )3t o Jbo o 1) (Kp oy
Sl ol o DAY Y5 5l s Jlo o 5 6l o g VA-
YO b i o oo Ll S oS ) o ol
5 Y0 51 5 Ghalidl 5 o0las alS |y o Shac il )3 Jgog S
oley Gl Ll o Slee 2ol s oo 9S00 TO
e il e Gl 5 WSy o il bl
ekl By "Ll o8, (K g 0 8 58 )l

g )—’ Coogans L] e el g g Pl YL Sy

1. Elsanta

g polie e 59y o g o8l cilize rab il Ko 5 goi

u?‘ 6LQ§)€ U’Q] 9 (0 0 GM clale WLHO 639450 -y Jjb
S5 kS 50 39290 polie g lilome lagi oals dogi (S

halesl ol (S8
raie lal opl g0 polie polie odd 4ogi 03gue
7
Ca (%) \IY IFP-X1-F (A 4 YY)
Mg (%) vE eV (V4 F)
Fe (ppm) \or BA-AT+ () 1)

ool 03e cplodins 5158 a0l 3l j0 0l SO slael’

sgee 3 S 5 IS 95 = 9 o2 o SI-F Joua

o0 SIS Sy ol PRCIE I
(ppm) (ppm) -
oAb Vovvb Al
OAY b \OfAd A2
b5 a ALE A3

00y0 0 Jlis! maw jo diledd jasie alie Bgy> b a5 goloc]
WS e 8 0g 8 S j0 gl KaSs b gyl s DS

ogee 5 &y ) oS JS sy 69y 9 ool sl ST -0 Jgo

5 osers S oisre IS e ool ek

%) o500 () iy, (1) Sy Jop
V/ff C VYo C Y- b Al
\VfY b Vva b \AAK:! A2
\/faa \/fY a ¥If\ a A3

oy O Jlisl maw o il sud jatie alie By b aS goloc]
WS oo 1B 05,8 S 0 gl KaSH b g le g DS

o900 § Ay oS 2 yiud 55 0 5 o8] shaw 1P Jou>
ogee yiud Ay yiud Sppied ool gzl

o) %) @) Jup
Y b N&b SaK:! Al
JYYa N#b 5+ b A2
vfa v a -I0A € A3

2oy B Jlin! maw jo dilead jasie alie Bgy> b a5 golacl

RESK VPN [ U S ARNRRUR TV SC S AP IR et



IYAF Jlo d o)los ¥F ol o)l (035laS msle ale VeV

2 a0 ags Jleiz! pl (V) a0 Gialidl ley cuddS
2 pSke ¥ Ja0) 5 VL il L pledobne 53 S 5l
Jlesol 5 aidly b8l ¥ w5l e S 5 ke (2
ol Ll 50 s crad 40 09 03 1 S e 3
G 5o 05 o VB L VD) 5 oy slehle o]
gl 50 Ao

28 LSn 0ol g miee eSS K00 Sy
ookl 39800 0 o 5 oal Yl sk b sledslons
2 oilel ol QLS Sy o pelie ol ke (g7 ol
e dh F ) Ko liie lawgs oads S polie b duslie
O & Y Jgaz) o)l 5 sl b odgaza )3 (VY
4335 6l 1 5 0l S8 ohaw I 4 gl pe drog s
LS 2 53 08l g mjete ol e b 09 olil oS o
b il

pemiliy g 5hed S5 0395 69y e sldslne S 5
do ol e 5 ool ol Il Ll 3 ki
il bansgio Jlaiio 5 (F 5 ¥ Y clodgaz) il (il jate
ol jo oy VY g NENE e fnleaiyy o
P O sbady) mely 5 IS 03958 e Sg SiS
GBI 5 (agss )95 5 (Vo)) Sl g Jijls lawgs oS
el doyd YA 5 Y oy ] sddin 5155 (VAAD)
bog oad )T (SAng ey e M
WY IRVSRRYPL SV YL P O RN HCSUSIAIE PO U Co
oo (A0 +NA) Gislesl el sloass, Hiud lade
Sl L Yool wa o] & sgy ol 515 lude |
el 2l ledglone 3 il

Lo

38kes 53y 6l 1 g ol il pehaw aSulul |

o LSRN INC TSRO P O M FVCD: RS

5 ogen g an 5 S yolis ke 55,1, 5 0] chlie
30 58 gy O30 (8

“5)"?‘@(5’?. )LMJALCOS’“’LSA)’QUG&)“’)L‘SGQL"
Sy &y ;S JgagSee YO 5 VL 1 g5l ledglne 5o

)

0500 § 4oy o5 pesliy (595 1 9 2] oo 1V Jgur

g pely Al el Spenly ke

%) %) sl
YIYfa ‘Nyb \fiZd Al
YIYYa vaa YiPa a A2
YIYFa “IAY 2 YIV-a A3

2o, B Jlisbambn o dilead jaie alie Bgy> L a5 golacl

By8 o )8 0g 8 Sy e g Wl KaSs b gl cme B

Sp 9 ) e 59) s ool sl JI-A Jsa

Sy Spool g0l sk
(ppm) (pm) -
YeIS¥ C VOF/AA A Al
V-\iVY b VOF/Y a A2
VFY/AT A VO+/YY b A3

a0y B Jlis! maw jo diledd jasie alie Bgy> b a5 golocl]
W8 e B 0g 8 Sy j0 gl KaSs b gyl g D]

S e 5 pedS 53y 9 0] sl S1-3 Jpa

Spmpe SpelS ol zoh
(ppm) (ppm) ey
‘YA a \AY @ Al
.Yy a VIV b A2
s b N A3

oy B Jlis! maw jo diledd jasie alie Bgy> b a5 goloel]
WS e 809 8 S j0 gl KaSs b gyl g B

i3S 5l pinlel ol olblS kS e 0 )J_, clale

3925 (8l o @ P0) S 9 0 Giolejl gayd jlole i
Jo a0 Shee als iolesl opl Gaw Jsb j0 9 cuils
Lf jﬁ ):’ )“)"""° d‘i"""j )‘ éj WA AR ):’ Cod gomand



VeV

b S8 Oy o (ol £) ui'..lLa)'T ol Gae Job o g0 Sles
b S n o e plog S L Sl ) L S5 slon
4 Cungome oo 5l Jloiol (V) wbipe (Rl o0
O )l g2y (S g kS 0 )—’ ol o
9 Sp 0 el o ek (VAAY) O 5 (V440)
2o S cale [ pl o o WY Jaie (VAAY) (goun
S5 o 1 e bl sl e (S8 095 LSy
oy Wl ol (g 0 705l e ok 08, (S8 0
S o5 Al gl ol sl o e 55
Sl5 G 5 0ol Jgl o) 1 08 hen +IYD 1 it

5 yhed JS 35555 G s o5 8] Zshans el
o Ay ) pais dw ol e 09 e Lo aly ) el
S b a8 codl K asle j aoys VY 4 NP AJE
135 5 (Vo)) gl 5 Lo Lawgs oad &l oldliS
Oyl el (VAAD) S8 ¢ yegus

S5 skl Olyios oael s 4 @i 4 axgi b
D 3 i sldslne 3 5 ool polaw I &S S
AV polio e 5 53 (o8 Jhao) <V 5 (ol A5 )
Jleiml asly oaid (3 Ogi jo 0 Shes Gialialieel b &
i Dy ko g aidly Gl 5 by Chaogame o
Joo et 0l o0 Sl 55 LS 0] 5 aie oS
45 34 g0 dnoy Lialejl cpl 5l odel Cuws s 4 4> g
S5 Ghasn Sy 9 02l o8 b (ki Jslona) gl o
Ses oolaiul (K5,

Sl Sl

shegh slhed wgae Gl b 5l (S G ()l
oKy g p e Cdglee alleel by cwl oKl

oKisls ‘5...@5)4 uujl-bo )‘ d-l-w)j—u‘)‘ 4 el ous ‘)>‘ u‘fﬁ‘
B9 g0 (0,98
REFERENCES

g polie e 59y o g o8l cilize rab il Ko 5 goi

S 85y @l Jslxe oy oal Gl 1 g
Sl Gl e 5 ool i 4 e e s 0see
il aS (F Jsuz) 0sd o0 ol o0 (2 087 4 DA+ 5l ogae
W ol gl o ogee Sy Lial3dl 00iiS by
Sg Shan lp g 08l Jil gl J) & s9is aeoys
5 el oy e (ke (izres 09l ool (K53
65 sl IVF 5 YD XIVE iy e ol o Whoges e
(Y1) 8Kl g o5l 5 (Ve V) cal il 5 0l @i 55 L
Sl il

G0l8 s 8 Jolows s 5 o0l il o0 Bk
P e dele Sy Sl lde al S a5 ol
Ol ol g Gl (S8 0 (gl @l Condy (o
et 42 35) (oo Jlod & O] (g @l o e a3l
Oy lS s o5 I slna o 5 ol Gl Sl
9 Sl s 0ol Jol a5 0395 Gollae 950 a5
P 5 gleSp Dl ke 95l (o6 oyl (SR Oy
LaS cuwlpl o o VOV dg0> g ool Jol mhaw o
Syl Cisllas (Yo o)) Sgnl g Jiylo glaaidly

s g peelS 200 o T g ool ok Sl
O ShS 50 pais dw ol bwgie lake 0l LSy o]
s VOF g ooy VP o VY iy ialejl ol o (58
Ly o dpog o3gome b polie opl duglie cosl ol
(Vo)) 0,890 (VAPF) g oY+ oY) o) So § gl
Slas (Ve oY) oL 5 505 5 (1390) LuiseY 5 5 yall
58 oialesl ol LS S8 0 polie (pl Jaie a5 a3 0
oy Jo ed 4 )l 8 esguone ol (L sk
o 5 D38 ledslna ) oy Rl Gl ) o9 s
Dgh oLzl 35d 00 S 2 (T 5 e ol alS

W) (KB Oy Gl p o 0 il sao0 b il
SlS 455K i sledslone o I3 Juds @ gk

1. Almaliotis, D., D. Velemis, S. Bladenopoulou, & N. Karapetsas. 2002. Leaf nutrient levels of strawberries
(cv. Tudla) in relation to crop yield. Proc. 4th Int. Strawberry Symp. 1: 447-450.

2. Bjurman, B. 1974. Fertilizer experiments with nitrogen and boron in strawberries. Swedish J. Agric. Res. 4:

129-141.



IYAF Jlo d o)los ¥F ol o)l (035laS msle ale Ve YY

3. Blatt, B. 1982. Effects of two boron sources each applied at three rates to the strawberry cv. Midway on soil
and leaf boron levels and fruit yields. Commun. Soil. Sci. Plant Anal. 13(1): 39-47.

4. Bould, C. 1964. Leaf analysis as a guide to the nutrition of fruit crops. v. Sand culture N, P, K, Mg
experiments with strawberry. J. Sci. Food Agric. 15: 474-487.

5. Brown, P. H., N. Bellaloui, M. A. Wimmer, E. S. Bassil, J. Ruiz, H. Hu, H. Pfeffer, F. Dannel, & V.
Romheld. 2002. Boron in plant biology. Plant Biol. 4: 205-223.

6. Carlson, R. M., R. L. Cabrera, J. L. Paul, J. Quick, & R. Y. Evans. 1990. Rapid direct determination of
ammonium and nitrate in soil and plant tissue extracts. Commun. Soil Sci. Plant Anal 21: 1519-1529.

7. Darnell, R. L. & G. W. Stutte. 2001. Nitrate concentration effects on NO3-N uptake and reduction, growth,
and fruit yield in strawberry. J. Amer. Soc. Hort. Sci 125: 560-563.

8. Daugaard, J. 2001. Nutritional status of strawberry cultivars in organic production. J. Plant Nutrition 24:
1337-1346.

9. Dumas, J. B. 1981. Sur les procédés de I'analyse organique. Annal. De Chimie XLVII: 195-213.

10.Elmer, W. H. & J. A. LaMondia. 1995. The influence of mineral nutrition on strawberry black root rot.
Advances in Strawberry Research 14: 42-48.

11.F.A.O. 1990. Soilless culture for horticulture crop production, F.A.O. publications.

12.Ganmore-Neumann, R., U. Kafkafi. 1985. The effect of root temperature and nitrate/ammonium ratio on
strawberry plants. II. Nitrogen uptake, mineral ions, and carboxylate concentration. Agron. J. 77: 835-840.

13.Haydon, G.F. 1981. Boron toxicity of strawberry. Commun. Soil. Sci. Plant Anal. 12(1): 1085-1091.

14.Johnson, C. M. & A. Ulrich. 1959. Analytical methods for use in plant analysis. Pages 26-78. Bulletin 766.
Berkeley: University of California, Agricultural Experiment Station.

15.Karp, K, 2002. Influence of the age of plants and foliar fertilization on the yield of strawberry cultivar
Jonsok under plastic mulch. Proc. 4th Int. Strawberry Symp. 1: 459-461.

16.Kosegarten, H., G. H. Wilson, & A. Esch/ 1998. The effect of nitrate nutrition on iron cholorosis and leaf
growth in sunflower (Helianthus annuus L.). European Journal of Agronomy 8: 283-292.

17.Lieten, F. 1995. Boron nutrition of strawbetries grown on peat bags. Advances in Strawberry Research 14:
36-41.

18.Lieten, P. 2002. Boron deficiency of strawberries grown in substrate culture. Proc. 4th Int. Strawberry
Symp. 1: 451-454.

19.May, G.M. & M.P. Pritts:*1993. Phosphorus, Zinc and Boron influence yield components in 'Earliglow'
strawberry. J. Amer. Soc. Hort. Sci. 118: 43-49.

20.Meyer, G.A. & P.N. Keliher. 1992. An overview of analysis by inductively coupled plasma-atomic
emission spectrometry..p. 473-505. Pages 473-505 in A. M. a. D. W. Golightly, ed. Inductively coupled
plasmas in analytical atomic spectrometry. VCH Publishers Inc., New York NY.

21.Neilson, B.V. & G.W. Eaton. 1983. Effects of boron nutrition upon strawberry yield components.
HortScience 18:932-934.

22.0zden, A. & H. Ayanoglu. 2002. Nutritional status of strawberry plantings near Silifke in Turkey. Proc. 4th
Int. Strawberry Symp. 1: 443-446.

23.Pollard, A.S., A. J. Par, & B. C. Loughman. 1977. Boron in relation to membrane function in higher plants.
J. Expt. Bot. 28:831-841.

24 Riggs, D.J.M., T.L. Righetti, & L.W. Martin. 1987. The effect of boron application on boron partitioning in
Tristar and Benton strawberries. Commun. Soil. Sci. Plant Anal. 18: 1453-1467.

25.Sah, R.N. & R.O. Miller 1992. Spontaneous reaction for acid dissolution of biological tissues in closed
vessels. Anal. Chem. 64: 230-233.

26.SAS Institute Inc., 1990. SAS users guide. SAS/STAT, version 6. SAS Inst. Inc., Cary, N.C.

27.Stanisavljecic, M., J. Gavrilovic-Damjanovic, O. Mitrovic, V. Mitrovic. 2002. Dynamics and contents of
minerals in some strawberry organs and tissues. Acta Hort. 439: 705-708.



\EAAY . . T fes
v g yolis ke 69) 1 g ol At ol Slip] e 5 555

28.Stewart, E.A. 1989. Chemical analysis of ecological materials. Blachwell Scientific Publication.

29.Switala, K. 1997. Determination of Ammonia by Flow Injection analysis. Lachat Instruments, Milwaukee,
WI.

30.Wendt, K. 1999. Determination of Nitrate/Nitrite by Flow Injection Analysis (Low Flow Method). Lachat
Instruments, Milwaukee, WI.

31.Yamauchi, T., T. Hara, & Y. Sonoda. 1986. Distribution of calcium and boron in the pectin fraction of
tomato leaf cell wall. Plant Cell Physiology 27(4): 729-732.



