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Abstract. This study was carried out to investigate the effect of magnesium (Mg) concentrations in nutri-
ent solution on growth of and nutrient uptake by ‘Machyang’ strawberry. Tissue analysis based on dry
weight and petiole sap were also conducted to determine the threshold level in plants when Mg deficiency
disorders developed in strawberry plants. In the Mg deficient plants, the spotted yellowing or yellowing area
developed on the interveinal area of mature leaves. The dark brown color also developed on the interveinal
area of mature leaves with marginal browning or marginal necrosis. The response in dry weight production
of ‘Maehyang’ strawberry to elevated Mg concentrations in nutrient solution was quadratic and the equation
is y=6.84+1.7533x—0.9278x* (R*>=0. 1081"""). But the Mg contents in tissue increased lineally with the
equation of y=0.1764+0.1275x (R*=0. 8307"""). The trends of fresh weight productlon and Mg concentra-
tions in petiole sap were also quadratic (y=24.127+7.3565x—1. 1252, =0.2314""") and linear
(11.954+5.793x, R2=0.6869""), respectively. To prevent growth suppression, the Mg concentrations based

on dry weight of above ground tissue and in petiole sap should be in the range of 0.30 to 0.65% and 19 to 40

mg-kg™,

respectively, for the commercial production of ‘Maehyang’ strawberry.

Key words : magnesium, deficiency symptom, petiole sap, strawberry, tissue content

M oA
ol 5 ARAGI Tl olg A
7h wbgsrd sjavd wEElE 240 B2 K1 4
Sle PRRlAL, ABA) AL sl Y B 39

o] h5d Fr19he] FHE ek THAIES
ofo dtt. ABH EHE BEFL 72 PIUE
Shke Hsle we) BRFoR ST AR
P 5 A FEEL B USSH ARE =
2al7) 918 =% sk gk,

*Corresponding author: shyum@rda.go.kr
Received June 16, 2008; accepted September 3, 2008

Nelson(2003) F8 3H12ME-9] Aeigsie] 54
2L Mg TS B USI$5, Winsor?} Adams(1987)=
A7) Ashes 2ol AEAE A5k FHA
Mg 99e Busiirh Lee(2003)s 22jdg W3t
‘Casa Blanca’E® TACZ, Kim 5(2005) =3}
‘Biarritz’E UPFO.2, 12]3L Choi 52001y B7] ‘o
g o HEF 712% Mg e 3
91 Basioich

Park(2007)2 ¥E7] EFFA9] Mg w5& 181
Saikoku2} Sanho(1995)-‘ ) Fhdlojd = Awet
SEE ﬂéﬂo}@l 231 g HAY Mg BEE
BuslEeh 258 AF S-S 9% HA d9s B

-238 -



o 2719 viavis IS AT FESY R AEA Wl HEs

YA, o) A EF, 4SDA L A
w2} Aolr} 2=z o)F 2SS nEfele] HF
g sl 4 Ao S

e} ole BEse el 549 Tela 3
5wt AEe A% 57192 el disiis
alEl s A7 2} Qlole} olet Hlmalel 23,
A7 e 99 JUS BUE S o et v
E L RS ER R e
B Hole] A3 A} AR Agolrt. Heky
Mg SE5 23 oo puluishan BUE4
2 Q9o fuAA 240 B4 W, Al
o e A% 48NS, 2REA BN A2
W R e el g @) e 9
@ 47 gz 7)2ARE tusnA B A7
ST

R

1. dEEE 3 WEYA

D7) (Fragariax ananassa Duch.) ‘"3 (Kim 5,
2004yS A8 - AFE st APE 93l
ol E(F) A148) @A 2~5mm)a}t AYH(EA
Imm °J8hHE 1:1(vv) HIEE EFI YEE ZA45}
3 FHE EefkeE TEEGE WA 15em, 83
1,600mLyll ZR3pAct. ZAu)gsle] 2o 3miQl
FHE FE3 & 7} JsA] g5 Hoig F
ofshHA] BE] HEg BT FAS] AEE 943
AASHAL FH1E EE] H23At. G235
45U SRR Bl Bl AEE s
AU T8-S SEA7IAL AEA W] Fredh

P

al

R
p—

5

>

go

—

S HA FFoF YEgled), o YR HEME
7WAHQ] dAFY Fodo] daEr] ARSI g4
T 4599 BE AEAA A1F 305k 22 A 3§19
& EF AAS 24E A4S FF3] AR
=3

A2E 2RE2 F7F 24°C, oY 13°C oo R &

B 2% el Auidisiar Ay 5 st
E dy @ 2o AR 25 AAsKS 34 &
12090] AP WSS ZAIE & 2 EAE £33}
o Fridd BAE st

B dATe gnlgde] Mg B2 2l 64
E FAL 7 A s|bE, 281 ZF g 24E
N2 & OEEE =3I}

2. Yl=M 3 AJy]

WM FAd-L Hoagland -&%(Hoagland®} Arnon,
19502 WSIAA Mg %5 0, 05, 1, 2, 4 ¥
6mME Z 3T Table 1). #2]d gle 2557
(Human Science Co, Korea)s AHE-3ld EC 5~7
uS-cm'e] HHel TEEE ZRE BT ZABIES
o, oPde] TEE YAFA F HCl 2 NaOHE 3
7¥eld pHE 6.002 A3 F Helsisinh

o] A9-2 20079 4¥€ 15YRE 8¥ 1597A
1209 &<t Fadsidet], Heo|E uix|e] H4Eo)
ol w3 3~43] #A-E o2 o, wiF 13
FAE ASFEFE BFHYSaL 7[R BEA
SR FESAT. dAE AFAAG SF
8 7% vl4=(leaching percentage)yS
20~30%2 A8k F7ige] BE Wl 3L ¥Rt
=3

4 dror

il
ol

2

Table 1. Composition of nutrient solution used to investigate the effect of magnesium on growth and nutrient uptake of

‘Maehyang’ strawberry.”

Mg (mM) NH, K* Ca® Mg” , Na*\ NOy SO~ H,PO, cr
(mM)

0 0 5 5 0 5 15 2 1 0

0.5 0 5 5 0. 4 15 2 1 0

1 0 5 5 1 3 15 2 1 0

2 0 5 5 2 1 15 2 1 0

4 0 5 5 4 1 15 2 1 4

6 0 5 5 6 3 15 2 1 10

*Micronutrient (in mg per L solution): MnCl,*4H,0, 1.81; H3;BOs;, 2.86; ZnSO,*7H,0, 0.22; CuSO,*SH,0, 0.08:

H2M004‘ H20, 009, and NazFeEDTA, 0.79.
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Fig. 1. Differences in crop growth of ‘Machyang’ straw-
berry at 120 days after transplanting as influenced by ele-
vated magnesium concentrations in the fertilizer solution.
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Fig. 2. Induced magnesium deficiency symptoms in ‘Mae-
hyang’ strawberry. The spotted yellowing or yellowing
area developed on the interveinal area of mature leaves
(upper left and right). The dark brown color also devel-
oped on the interveinal area of mature leaves with mar-
ginal browning or marginal necrosis (lower left and right).
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Table 2. Influence of elevated magnesium concentration in fertilizer solution on growth characteristics of ‘Maehyang’

strawberry at 120 days after transplanting,

Mg (mM) Number of  Leaflength  Leafwidth Petiole length . Crown Fresh weight ~ Dry weight
leaves (cm) (cm) (cm) diameter (cm)  (g/plant) (g/plant)

0 4.14 122 7.69 219 1.17 20.3 5.05
0.5 5.43 12.5 8.10 23.0 1.06 274 6.85
1 5.50 13.3 8.13 27.9 1.12 36.5 8.53
2 5.43 12.9 8.34 274 1.12 348 7.82
4 5.14 12.8 8.35 25.7 1.14 313 7.25
6 5.29 133 8.16 22.9 1.30 29.4 7.08
LSDy 5" 0.92 1.18 0.88 32 0.17 7.5 1.90
Linear NS NS NS NS * NS NS
Quadratic NS NS NS ** * *hk *
Cubic * NS NS *kk NS Rk ko

“Least significant difference at P=0.05.

NG, * #+ 54

Nonsignificant or significant at P=0.05, 0.01 and 0.001, respectively.
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Fig. 3. Effect of elevated magnesium concentrations in the
fertilizer solution on changes in dry weight and magne-
sium content of the whole above ground plant tissue of
‘Machyang’ strawberry at 120 days after transplanting.
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5718 §e 248k 1 AHE JERAT A1EA
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Aero] ZUge wel S art WS wWE
olgkxr 4243 Marschner(1995) 2 Ulrich(1993)<=
FARE RS B asie] 2 dellx] A Aol
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Table 3. Influence of elevated magnesium concentration in fertilizer solution on tissue nutrient contents of ‘Maehyang’
strawberry based on whole above ground plant tissue at 120 days after transplanting.

TN P K Ca Mg Fe Mn Zn Cu
Mg (mM) T

S —— T E—

0 1.45 0.32 2.40 0.57 0.10 290.9 370.4 33.1 10.99

0.5 1.47 0.32 2.57 0.64 0.13 256.3 401.7 36.5 13.13

1 1.36 0.31 2.19 0.86 0.41 172.3 228.6 34.7 11.95

2 1.26 0.23 1.90 0.68 0.56 130.0 336.9 44.6 10.29

4 1.25 0.37 236 1.58 0.71 65.5 773 345 9.21

6 1.23 0.37 2.11 1.42 0.88 64.3 722 27.6 6.89

LSDgs* 0.17 0.06 0.77 0.25 0.18 78.8 170.3 8.98 2.77
Linear kK% NS NS *kok kokk *kk ok %k NS * k%
Quadratic *kk * Ns %ok ok * k% sk k *%k % *kok
Cubic * %k * NS % ek Kok ok %k %k k% % k%

?Least significant difference at P=0.05.

NG, * #% #+

‘Nonsignificant or significant at P=0.05, 0.01 and 0.001, respectively.
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Fig. 4. Effect of elevated magnesium concentration in the
fertilizer solution on changes in fresh weight of above
ground plant tissue and magnesium concentrations in pet-
iole sap of ‘Maehyang’ strawberry at 120 days after trans-
planting.
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Fig. 5. Effect of elevated magnesium concentrations in the
fertilizer solution on changes in pH and EC in soil solu-
tion of root media at 120 days after transplanting of
‘Maehyang’ strawberry. Curves in pH were not signifi-
cant in fitting for linear, quadratic, and cubic.

SAHL ¥R BT AEAT AAFo] oF 36.2¢
A Aol FAEUT}. Bouma(1983), Ohki(1984)
% Ulrich(1993)9] 5318} o] Hell 4332 90%
S YRS WA 5 e HA sARoR
7R3 A1EAT 32,509 AAFTE HY sl
10% o] dAE g Ha AR s
AT Mg FE o 40mg-kg'o] Bk mA
=7] wfgPg AuishEs AFAAE 2l Hsix=
g F2H9] Mg F57} 19~40mg-kg™'] Hell
FIEE ANlFEEE 2o} stk AJZsiit.

Park(2007) 0.IN HCIE UE72 48 F=3lo
Mg 52 24811 1,700mg kg™ o132 Mg 5%
£ FARBIES Aol BFAAE A = v
ZFA3ITh. Saikoku®} Sanho(1995yE ], 7hilolA
2 A} SAEE Bst] F&% A Mg B%
7} 242t 250~500, 200~350 = 300~750mg-kg <]
o)) Egs]ojof HAAAS WAIE 4= vk B
St B 9 ol Rud iRt 953 v
A A 2 Foo] Aysiiadl, gHE e &
SRR 80l &3] WiEdl 0.IN HCIE &
3k ZA$(Park, 2002) T SIS vhisk F=3)
73-9-(Saikoku®}t Sanho, 1995) Ko} FE7} A B4
= 2lo] HAokaL ALE =AUt

4. EQF pH ¥ ECol #s}
Figure 5& 4 & 12099 ¥3}5Z% (Warncke,

~243 -



HEW - AY7) -

1986)° 8 AES] pH ¥ ECE 243l 1 A¥=
VRIS Mg AlulEs=rt S7HE 4B pH
2 Bt 43I} p7l 53 9918 Meol &
el Edold, eld E49] w57} HolA pH
] dlo] Hvka desi) ey AES] pH
T Mg ANIER ] SAIAR AJol7t QAR o
AL, 1~3248 SAFHE HHsHA] Yot HFS
& F AU

kg AHEE SV RS AV HESE A
SAFEH, Mg AHIEEE Eol7] A8 Mg 3%
o] Fketar gt FARA oA Meo] ] o]
2=t oA A7|IHEET} Folxl o] HATt
31 A2t

e

W~

¥ 2

wk Tl ARIEES Q19 oE st wigk &
715 BHIAENEREA Me®] AlRlg=Fo] B ART
2 el mRjE 93-S T, AAASS AR
T e AEA 2 EY] TS Hal7] $ste
£ I7E St vl 2838 sklgel
A sl o, 27100 s g9 Aleloia vk
Fello] Fgsla do] Yepd & Ha) wbd -7} gt
o] Fuzt sslado 7 whAsignt. 3 F4o) A
A HA G Alo|7h A Wk, I Ade] 7
H 2 ghEle S4do] ST Mg AHlEEE
ZAsle] Pulslar Fa 1202 Fol] AR A3
ZARE A3t Mg 1.0 = 2mMe] XglollA Aol
Ftem, 0.5 oJsh 4mM oPFeE Mg AlHlE
TF 2 A2je o] Azl Aol A
E52 vkl A=l thele] 33k A3 #EQ)
TS HPom AEAT oF 8.2g0] AEFTS AN
o 3ol AU Hll g 90%E HA
A oR 7P AEAT 74g o)) HEFES A
K71 fleiMde Mg gl 0.30~0.65%2 Sl
EFETE Asiof &ln, HH AplsEE oF 2mM
olgla TSttt T3, Hof AAkER] AEAT A
AF 36.2g9] 90%s HA € Hi HAIHo= 7
g 7 9% FEHY MgEETE 19~40mg-kg™'9]
Helol| 23T AlEfol gitial wdsigint.

(o) =
"LTT‘Z:)]

FAo] - FESY, 27N, AEA FUIdx ¥ L
e

11.

~244 -

e

=2
(=]

o
o

. Bould, C., E.J. Hewitt, and P. Needham. 1983. Diagno-

sis of mineral disorders in plants. Vol. 1. Principles.
Her Majesty Stationery Office, London.

. Bouma, D. 1983. Diagnosis of mineral deficiencies in

plant tests. p. 120-146. In: Encyclopedia of plant phys-
iology Vol. 15A. Springer-Verlag, Berlin. Germany.

. Choi, JM,, SK. Jeong, K.H. Cha, H.J. Chung, and

K.S. Seo. 2001. Deficiency symptom, growth charac-
teristics, and nutrient uptake of ‘Nyoho’ strawberry as
affected by controlled magnesium concentrations in
fertilizer solution. J. Kor. Soc. Hort. Sci. 42:142-146
(in Korean).

. Eastin, E.F. 1978. Total nitrogen determination for

plant material containing nitrate. Anal. Biochem.
85:591-594.

. Hanan, J.J. 1998. Greenhouses: Advanced technology

for protected horticulture. Prentice Hall, Upper Saddle
River, N.J.

. Hoagland, D.R. and D.I. Aron. 1950. The water cul-

ture method for growing plants without soil. Univ. of
Calif. Agri. Exp. Sta. Cirular 347.

. Kim, JM., JM. Choi, H.J. Chung, and D.C. Choi.

2005. Effect of magnesium concentration in fertiga-
tion solution on growth and nutrient uptake of cut
chrysanthemum ‘Biarritz’. J. Bio-Environ. Control
14:128-136 (in Korean).

. Kim, T.I., W.S. Jang, J.H. Choi, M.H. Nam, W.S. Kim,

and S.S. Lee. 2004. Breeding of ‘Machyang’ straw-
berry for forcing culture. J. Kor. Hort. Sci. & Tech.
22:434-437.

. Lee, K.H. 2003. Effect of macro element concentra-

tions in fertilizer solution on growth and nutrient
uptake by Oriental hybrid lily ‘Casa Blanca’. PhD
Diss., Pai Chai Univ., Daejon, Korea (in Korean).

. Marschner, H. 1995. Mineral nutrition of higher plants.

2nd ed. Academic Press Inc., San Diego, Calif.
Morgan, J.T. and H.J. Mascagni. 1991. Environmental
and soil factors affecting micronutrient deficiencies
and toxicities. p. 371-425. In: RJ. Luxmoore (ed.).
Micronutrient in agriculture. Soil Sci. Soc. of Amer,
Inc. Madison, Wisc.

. Nelson, P.V. 2003. Greenhouse operation and manage-

ment. 6th ed. Prentice Hall, N.J.

. Ohki, K. 1984. Zinc nutrition related to critical defi-

ciency and toxicity levels for sorghums. Agron. J.
76:253-256.

. Park, J.Y. 2007. Effects of application time, concentra-



15.

wjgp m7)) Blaule JPAEE

tion and leaching percentage of controlled fertilizer
solution on growth and mineral contents of Perilla fru-
tesens in plug system. MS Diss., Pai Chai Univ., Dae-
jeon, Korea (in Korean).

RDA. 2003. Agricultural science technique research
investigation and analysis standard. 4th ed. Suwon,
Korea (in Korean).

. Saikoku, K. and T.S. Sanho. 1995. Nutritional physiol-

ogy and fertilization of floral crops. Rural Culture
Association. Tokyo, Japan.

Ae 2954 2 A=A W IAs=

17.

19.

—245 -

Ulrich, A. 1993. Potato. p. 149-156. In: W.F. Bennett
(ed.). Nutrient deficiencies & toxicities in crop plants.
APS Press, St. Paul, Minn.

. Warncke, P.D. 1986. Analysing greenhouse growth

media by the saturation extraction method. Hort-
Science 211:223-225.

Winsor, G. and P. Adams. 1987. Diagnosis of mineral
disorders in plants. Vol. 3. Glasshouse crops. Her Maj-
esty’s Stationery Office, London.



