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ABSTRACT

Effects of Al AIK, Mg and CuSOy on the Discoloration of
Dranthus caryophyllus and Gentiana scabra var. buergeri for
Pressed Flower

Kim, Yu-Jin
Advisor ! Prof. Heo, Buk-Gu,
Major in Flow er Design, Department of Design

Graduate School of Design, Chosun University

In order to study the effects of discoloration prevention of the flowers and
leaves of yellow dianthus caryophyllus and gentiana scabra var. buergeri for
pressed flowers, the flowers and leaves of yellow dianthus caryophyllus and
gentiana scabra var. buergeri for pressed flower were hydrothermally digested
in the diluted solution of respectively 5%, 10%, 20%, 30% and 40% of Al
AIK, Mg and CuSOs solution for thirty seconds, and then dried, and the
degrees of discoloration were examined, according to the number of days of
ultraviolet ray irradiation.

The research result of the effects of Al AIK, Mg and CuSO; diluted
solution on the discoloration prevention of yellow dianthus caryophyllus petals
showed that Al diluted solution was effective for preventing discoloration at
the concentration of 30%. The AIK diluted solution of 30% had a little
discoloration—-preventing effect, compared to the one not processed. The Mg
diluted solution of 10-30% had the petals have a small change of L° value,
compared to fresh petals, and, in terms of a” value and b" value, 30% or Mg
diluted solution was effective for discoloration prevention, showing a small
difference from those of fresh flowers. CuSOs diluted solutions were all
effective for discoloration prevention, regardless of their concentration

percentages, and the solution of 20% was the most effective in particular.

- Vil -



When the effects of Al AIK, Mg and CuSO; diluted solutions on the
prevention of discoloration of dianthus caryophyllus leaves were examined, Al
diluted solution was proven to promote discoloration more than the one not
processed. AIK diluted solution showed no significant effects on discoloration
prevention, except for 5% of AIK diluted solution. Mg diluted solution showed
a higher value of L" when it was processed as 20%, but there was not a big
difference from fresh leaves in term of colors. CuSOs diluted solution was
effective for discoloration prevention when it was processed as 40%.

The research result of the effects of Al AIK, Mg and CuSO, diluted
solutions on the prevention of discoloration of gentiana scabra var. buergeri
flowers showed that Al solution had no particular effects on discoloration
prevention. 20% and 40% of AIK solutions, 5% and 10% solution of Mg
solutions displayed just little difference of L', a~ and b~ values, and therefore a
clear effect on discoloration prevention. CuSQ4 solutions had some differences
of L") a and b" wvalues, according to their concentration degrees, but
discoloration prevention effect was not outstanding, on the whole.

When the effects of Al AIK, Mg and CuSO; diluted solutions on the
prevention of discoloration of gentiana scabra var. buergeri leaves were
examined, Al solution had some differences of L°, a" and b values, according
to concentration degrees, but there was no general effect on discoloration
prevention. AIK solutions of 10% and 20% were effective for discoloration
prevention, but Mg solution had no big effect on discoloration prevention.
CuSO4 solution of 10% was proven to have a little effect on discoloration
prevention. Synthesizing all the results above, when the flowers and leaves of
yellow Dianthus caryophyllus and Gentiana scabra var. buergeri for Pressed
Flower were hydrothermally digested in the diluted solution of Al AIK, Mg
and CuSO4 solutions for thirty seconds, the effects of discoloration prevention
was very different according to the kinds of chemicals and their concentration
percentages processed. Therefore, in order to prevent the discoloration of other
kinds of materials for pressed flower, Al, AIK, Mg and CuSO; solutions need

to be used after the proper concentration of each material is examined.
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a
M3 M 2 ud
3.1 SAME & A=Y
3.1.1 BAM=
3.1.2 =4

3.2 AEINR
3.2.1 Aot & HEXZ
3.2.2 xte|M Ha

3.2.3 MEZZA}

3.1

TAME L AxY

311 SANE

2 Ao AgS £ 2 3N FVo| A (Dmanttuts  carvoplylius)® EH

(Gentiana scabra)& °)439 <, A= X

AEg BRI
5 | w9 : - -
L a b H A% C
x | 79.47b° | -7.20d| 25.08¢ || 0.3GY | 7.8a | 3.4b
7ol 4

9 | 43.17de” |-9.36e| 8.24c || 9.5GY | 4.2¢ | 1.9ab

z | 4457¢ |2812a|-41.62f[| 1.0P | 44 |111a
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9 | 43.33b° |-15.79d| 24.26a|| 5.8GY | 43a | 4.1a
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dstel Az dYrt2e A5 dxsto] whE B E(250x180mm) ¢ ol
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321 Al g HEH 2

Az WA wxEs fste AFES AkE 13 Al[AL(SO4)],
AIK[AIK(SO4)], Mg[MgSO4] 2 CuSOs5 T 0l 5, 10, 20 ¥ 30%= 3] 4]
st o™, CuSOs A A= 407 A5 F7Hstith 442 8~90TE

A BF 30 Fet d-AYE A

322 XM Ael
A9l zA A Y = AR 30em ol AL Z 100W(Sankyo Denkl Co,.

JE_‘_
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE
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44.08% Gk ow A o5ttt Al AgE T F
oM ZAME AAG A b 5% A e A9 19.40
Ade ZFRUOE wolo 10, 20 B 30 M FE 27.47(30% A # )~
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obEel PEwns

3 Ao,
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

C2A FtHlol M Edol Hdx M Al Yol 30x7F HEAE| T Etel SHAY

FH
N

wstol o x| o

[

"

A | 2o A HAE 7 WA
TE [ A7z
€ | (@) L 4 b H v ¢
2 g
0 . 79.47 b* | =7.20d | 25.08 ¢ 0.3GY | 7.8a | 3.4b
0 79.80b | -1.40b | 21.94d 4.0Y 79a | 3.1b
7 84.33ab| -1.78b | 35.71 b 3.8Y 8.3a | 5.1a
0
14 83.18 ab| -0.55b | 38.50 b 3.0y 82a | 41b
21 73.94 ¢ 3.72 a 44 .08 a 1.3Y 7.3 a 6.6 a
7 85.71a | -3.13¢c | 29.62 bc 5.0Y 85a | 42D
5 14 86.28a | -0.54ab| 10.88 ¢ 3.3y 85a | 1.6¢c
21 85.17a | -0.93 ab| 19.40 de 3.4y 8.4a | 2.8bc
7 85.71a | -3.13¢c | 29.62 bc 5.0Y 85a | 4.2b
10 14 82.89b | -1.77b | 28.64 bc 4.0y 82a | 41b
21 81.92b | -2.18bc| 34.58 b 4.1y 81a | 5.0a
7 85.41a | -4.78¢c | 33.26b 6.0Y 84a | 4.7b
20 14 84.37 ab| -2.33 bc | 31.41 bc 4.2y 83a | 45b
21 81.28b | —2.96 bc | 29.31 bc 5.0Y 80a | 42b
7 85.44a | -4.68¢c | 32.86D 5.9Y 84a | 46b
30 14 83.26 ab| —2.48 bc | 30.70 be 4.5Y 82a | 440D
21 81.90b | -3.40c | 27.47 ¢ 5.4Y 81a | 39b
Significance
A F= (A) * * * % NS *
APAE)7 I (B) * NS * NS *
& (AB) * NS * NS *

505 7 WA WY tEP A o “H 8
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

(v

E 3 2AM stdold Zoo HxE M AKEUWo| 30F7F HEFH 2|7} 2stol 5hA4
Mato| o|xlE A&t
A7 | AeA HAEZ ARk
FE | Ag7)zt
9% | (@ L* a* b E v C
0 |n4s z=| 79.47b%| -7.20e | 25.08de|| 0.3GY | 7.8a | 3.4b
0 79.80b | -1.40b | 21.94 d 40Y | 79a | 31D
7 84.33a | -1.78b | 35.71 b 3.8y | 83a | 5.1ab
0
14 83.18a | -0.55b | 38.50b 3.0Y | 82a | 4.1ab
21 73.94 ¢ 3.72 a 44 .08 a 1.3Y 7.3 a 6.6 a
7 83.73a | -3.23¢c | 32.77 ¢ 49Y | 83a | 4.7ab
5 14 82.90a | —2.22¢c | 32.32¢ 42Y | 82a | 4.6ab
21 76.49b | -0.45b | 38.04b 33Y | 75a | 55ab
7 85.14a | -4.36d | 35.51 b 5.4Y | 8.4a | 5.1ab
10 14 83.73a | -1.29b | 25.75de|| 3.6Y | 83a | 3.7b
21 83.14a | -2.38¢c | 38.65Db 41YR | 82a | 5.6ab
7 84.81a | -5.86d | 36.09b 6.4Y | 8.4a | 51ab
20 14 82.24a | -0.65b | 39.09b 3.2Y | 81a | 5.7ab
21 80.30 ab| -0.06b | 41.73ab|| 2.8Y | 79a | 6.1a
7 85.71a | -3.13¢c | 29.62cd|| 5.0Y | 85a | 4.2ab
30 14 81.13 ab| -1.01 b | 36.58b 3.4Y | 8.0a | 53ab
21 81.56 ab| -3.09¢c | 32.89 ¢ 49Y | 81a | 4.7ab
o))
AgFE (A) NS * *ox NS NS
22717
Jelxle)7] X i} i} NS .
5
A3 A A (A<B) NS * * NS NS

Ekel Ag b frefdoel 1 d.

=
S ERIEDRINEE)
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

¥ 4 M FHdlolM EAdof AXT Mg U0l 0=t LEHME T 2Ete| BHAIH
stoff ojx= HE
2] Ap2] A AEZ w A 7k
=R IR = P e
(%) () L a b* H A% C
0 |Ax% 2| 79.47 ab”| -7.20d | 25.08 d 0.3GY | 7.8a | 3.4c
0 79.80ab | -1.40b | 21.94 ¢ 4.0Y 79a | 3.1c
7 84.33 a -1.78b | 35.71 Db 3.8Y 8.3a | 5.1ab
° 14 83.18 a -0.55b | 38.50 ab 3.0Y 8.2a | 4.1bc
21 73.94 c 3.72a | 44.08 a 1.3Y 7.3 a 6.6 a
7 84.40 a -3.25¢c | 36.88b 4.8Y 8.3a | 5.2ab
5 14 82.52 a -1.17b | 38.31 ab 3.5Y 8.2a | 5.5ab
21 7712 b -1.31b | 39.38 ab 3.8Y 7.6a | 5.7ab
7 84.50 a -4.30c | 36.82b 5.4Y 8.4a | 5.2ab
10 14 81.98ab | -1.48b | 39.41b 3.7Y 8.1a | 5.7ab
21 80.98 ab | —2.03 bc| 38.95 ab 4.0Y 8.0a | 5.6ab
7 80.35ab | —2.41 bc| 39.20 ab 4.2Y 79a | 5.6ab
20 14 77.90 b -0.42b | 42.22 a 3.3Y 7.7a | 6.2a
21 78.01ab | -1.42b | 39.14 ab 3.8Y 7.7a | 5.6ab
7 84.06 a -2.75bc| 31.04 c 4.6Y 8.3a | 4.4bc
30 14 83.26 a -1.33b | 32.97 ¢ 3.5Y 8.2a | 4.7bc
21 80.75ab | —2.33 bc| 31.66 ¢ 4.5Y 8.0a | 4.6 bc
9] v
AEEE (A) * * * NS *
zmgawm ) ) ) " "
e w | s
5% T el dxe] tsAAel o wkE Hatghe] Al b ool .
Al SJshe] 5%k 19% FFEeIA 24 fel el Aol A,
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

4.1.4 CuSO, M2l &2t

G4 shdlelde] AAdF FeE CuSOy &ofell 3023 d&AA st} Az
F WA mAE s 2AE dAE WEE UEUE L'g2 dx 5 21
A Ao =S AAE A CuSOy FA = AR 23} 5539 Aol
= Eou CuSOsq A7 237 olste] Aold HATH(IE 5). Mol A
At w5 A5 dehds aghe Al 2o A 72002 MR G
A oma gk 913 e CusOs Aele Az F A9 2AE 21
A7 A A 2410904 4792 BT B4 g A 5ot

Aol Gz A AeE dEble bae Axske] Ao x2S
2197 AA3 A3 44082 FAWFo R A7 ol T Ak CuSOs A E T
F Azske] 2143t X}SM FAHE AARE A3 bigh 10% A2 ] 3481

1 Zto] 25083 0] xpol7} = x| gkl MAFL A
L} CuSO4 A FF, AYdFs 2 A A

ARk E e = AE*%%—S— a9 701]/‘19} ol AAME x5 Vleor & o

CuSO04 20% AT & st 7z F 2143 ALA ZALE AAg Ao A 65328
2 Aoz AA Ve
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

E 5 M FtdolM ZUol Hx M CuSO, Yol 30xZF Ve 27t Ete
M sto| o|xE A
A Al Aegt A gk
FE | A7z ) } )
© | () - 4 > i M ¢
0 |Aae 2| 79.47 ab’| -7.20e | 25.08d || 0.3GY | 7.8a | 3.4b
0 79.80ab | -1.40b | 21.94¢ 40Y | 79a | 3.1b
7 84.33a |-1.78b | 35.71b 3.8Y | 83a | 5.1ab
° 14 83.18a | -0.55b | 38.50 b 3.0Y | 82a | 4.1b
21 73.94 ¢ 3.72a | 44.08 a 1.3Y 7.3 a 6.6 a
7 84.00a | -3.67c| 31.19¢ 52Y | 83a | 4.4b
5 14 82.56a |-2.41b| 30.63cd|| 45Y | 82a | 4.4b
21 80.97ab | -3.20c | 30.56cd|| 5.1Y | 8.0a | 4.3b
7 82.60a |-4.72cd| 33.81¢c 6.0Y | 82a | 48b
10 14 79.32ab | -2.41b | 30.62cd|| 46Y | 7.8a | 43D
21 79.24ab | -2.41b | 34.81¢ 4.4Y | 78a | 5.0ab
7 81.51 ab | -4.69 cd| 34.14 ¢ 6.0Y | 81a | 48b
20 14 81.13ab | -2.65b | 29.13cd|| 4.8Y | 8.0a | 4.1b
21 79.51 ab | -3.58 ¢ | 30.51 cd|| 5.4Y | 7.9a | 43b
7 82.02a |-2.80b | 31.05¢c 47Y | 81a | 4.4b
30 14 82.54a | -3.02¢c | 28.91d 50Y | 82a | 41b
21 77.98b | -2.54b | 32.01¢ 47Y | 7.7a | 45b
7 82.31a | -5.49d| 27.24d 6.3Y | 80a | 3.9b
40 14 79.53ab | -3.08 c | 29.83cd|| 5.1Y | 7.9a | 4.2b
21 82.20a |-4.79cd| 31.24¢ 6.2Y | 81a | 4.4b
o) 1]
AgsE (A) * * * NS *
x}ﬂgﬂﬂﬁ ] NS NS NS | NS
A‘(fx”sﬁ] ] NS NS NS | NS
5% T elA "o Al oe whE ke Ay 1 ool A4 ¥
ST Aol ool 5%sk 1% FEAA 2H7E el Ml Folst AAH,
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

E 6. FHOlM o A= ™ Al Sdo 30x7H YEAMaI7t 2Etel A H S0
o|X = &
e | AA dAE 7 WA gk
T= | A7z
%) | (D L a b H v ¢
0 |43 9| 43.17 de”| -9.36 € 8.24 ¢ 9.5GY | 4.2¢c | 1.9ab
0 4214 de | -4.79d 8.97 ¢ 3.8GY | 41c | 1.4ab
7 38.53 e -5.79d | 11.27 b 3.6GY | 3.8¢c | 1.7ab
° 14 38.42 ¢ -5.26d | 10.35D 3.4GY | 3.7¢c | 1.6ab
21 37.73 e -5.40d | 10.42 b 3.5GY | 3.7¢c | 1.6ab
7 64.00 c -3.06 ¢ 579¢c 41GY | 6.3b | 0.9b
5 14 65.92 c -0.95b | 9.15¢ 5.2Y 6.56b | 1.3ab
21 54.23 d -2.38¢c | 18.35a 6.3Y 53b | 2.6a
7 64.00 c -3.06 ¢ 579¢c 41GY | 6.3b | 0.9b
10 14 53.34 d -1.41Db | 12.75D 5.9Y 52b | 1.8ab
21 81.77 a 0.44 a 0.95e 5.5YR | 8.1a 0.1c
7 65.09 c -0.61b | 4.07d 6.0Y 6.4b | 05D
20 14 52.87 d -1.82Db | 16.46 a 6.0Y 52b | 2.3a
21 72.42 b 0.87 a 2.28de|| 6.9YR | 7.1a | 0.4Db
7 56.38 d -8.33e | 19.35a 2.7GY | 5.5b | 2.8a
30 14 55.76 d -2.97 ¢ 8.98 ¢ 0.4GY | 5.5b | 1.2ab
21 84.78 a -0.15b | 0.55¢ 7.8Y 84a | 1.0ab
o m]
AeEE (A) * * * * *
APl 1zt (B) * NS NS * NS
?;%I:;}ﬁ] * NS NS * NS
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

Fhdlol A o] AZx Ao AIK $Ho 30%7 d8AA A7t Ax T W
FEFSE A A3 dEE Yelle LG FA g el vlE
el =, 531 10% A2+ 783602 =A UENS TR
1 A A

2197 Ao A
o7} Aot 10, 20 B 30% A TFE 77t -054, -247 2 -2.855 ERY
At
Aol A A JA 2455 YJEE bk A Ao A4 8249 =
o, FAgFE Azt LA ZA}E 2143 AA g A3 10422 ohx 3
Akgro 2 o] Fatath. AIK M E & F dxste] 2197 A9 2AE A
2 &

Ag A3 b'ghe 5% Ag e A$ 15547 AAE 2 v =ZA FA d)
TR o 10, 20 2 30% A T 265004 6912 tha Yol )

2 20dgk 9o AIK 0% A# 5 GY Algeldor, 5% 2 20%A &
Fol A GYADel A, 10%, 2 30% AdFE A9 2AL Sl wEt GY
(2]

AAZES JERE AE RS 27 90149} o] AMF 28 JFoR T o
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

(v

E 7. FHdlolM ol Ax M AKE Mo 30x7F EAMEIIE rEtel A o
olx=
2] Ap2] A AEZ Munsell value
=R IR = P e
(%) () L a b* H A% C
0 |Ax% 9| 43.17d°| -9.36¢€ 8.24 c 9.5GY | 4.2b | 1.9ab
0 4214d | -4.79¢c 8.97 ¢ 3.8GY | 41b | 1.4b
7 38.63e | =5.79¢ | 11.27bc|| 3.6GY | 3.8b | 1.7Db
° 14 38.42e | -5.26¢c | 10.35bc|| 3.4GY | 3.7b | 1.6Db
21 37.73e | =5.40¢c | 10.42bc|| 3.5GY | 3.7b | 1.6Db
7 55.31c | -8.76e | 18.45a 3.5GY | 5.4ab| 2.8a
5 14 53.56 ¢ | -6.10d | 13.28b 3.0GY | 5.3ab| 2.0ab
21 49.29cd| -6.03d | 15.54 b 1.7GY | 48b | 2.2ab
7 59.91c | -4.56¢ 7.71 ¢ 51GY | 5.9ab| 1.2b
10 14 46.02d | -7.73d | 20.21 a 1.7GY | 45b | 29a
21 78.36 a | —0.54 a 2.65d 6.7Y 7.7a | 0.3c
7 58.17¢c | -6.12d | 11.18 bc|| 4.5GY | 5.7ab| 1.7b
20 14 48.99cd| -7.09d | 14.94b 3.7GY | 3.8b | 3.1a
21 71.50 ab| -2.47 b 559cd|l| 2.7GY | 7.1a | 0.8bc
7 64.00b | -3.06 b 5.79cd|| 41GY | 6.3a | 0.9bc
30 14 61.51 bc| -3.11b 5.97 cd 8.0Y 41b | 2.2ab
21 64.28b | -2.85b 6.91 cd|| 2.0GY | 6.3a | 1.0bc
9] v
AYEFEE (A) * * * * *
Apd 271 (B) NS NS NS NS NS
?;%;ﬂ] NS NS NS NS NS
5% 427 ol A Q7o tEAAel oF w2 ke A2l 1+ Fol4o] QA
ST Al sk 5%k 1% FEol A 247 el ZFelrt A
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

423 Mg M2l =3

Zhdlo] A o] AxAol Mg & 3027 49X Y7t dx F HA
of "= FFS A A WERE Yl L AlAd do A$
431701 o Ax F AL AHEE 2193 AAS A 37735 e o
i ofF5A HRoew, Mg M+ FAHe ol val Lite] 2 AF%FS
EF 58.51(10% z%al?)oﬂﬁ 82.99(30% A & 7)E YEFHATHE 8). M3l
A A S 2] L}E}LH a @k AAE 2o A

Aol A A H)}Eko H 9l
A 54002 thA A vFsk
ZA}E o A7 WA o AAupgko 2 l%o}oi 0.1301 A 7449<10/ xirﬂ
E YEh AT
"“44 oA Azl A A5+=2 JEFRE b g AAE 9o ¢ 8248
|, FAHETE dxste] A 2ALE 2197 AAE A 10428 ohAa
*-HHJB&QE o] FtA Mg A& & F Azxste] 2193 Aa 2AE *E‘
AlgE A3 b g 5% AT S 10398 AL e 3.63(5%A 8 T)E E

_4
ol
=

Wolch A Ade Qd FAEste] dxe e AS GY Adelden,
Mg &9 ‘M%—E GY, YR %2 YAES dErd 7k, 20% ﬂalf—i g o
S Ax F 21U AYgH FALE F Aol A= 42GYE YER o AAg 3
o] Aol 7} &“Rit}

MRS YER S AE RS 1" 1004 9F o] AlMe £& VFor &
ol Mg %ﬂfﬂ?% Azx 5 A4 ZA} 2194 = 707 YERHA oY Mg
Al g ¢ v dxste] 2143 AL ZAAEE ¢ AL 1624 oS o

EF L 21
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

od E}

o

M| 7t 2kahel =HAHH St

= 2 2} 9] 4 AEZ ™ A 2k
= | Az
(%) () L a b H \% C
0 AR% | 43.17c¢*| -9.36 ¢ 8.24 ¢ 9.5GY | 4.2¢ 1.9a
0 4214 ¢c | -4.79bc| 8.97 ¢ 3.8GY | 4.1¢ 1.4 ab
7 38.63¢c | -5.79c¢c | 11.27Db 3.6GY | 3.8¢ 1.7 ab
’ 14 38.42c | -5.26 ¢c | 10.35Db 3.4GY | 3.7¢c 1.6 ab
21 37.73c | -5.40c | 10.42Db 3.5GY | 3.7¢c 1.6 ab
7 55.72b | -7.66d | 17.47 a 2.8GY | 5.5bc| 2.6a
5 14 59.87 b | -4.31 bc| 11.44 b 1.4GY | 5.9b 1.6 ab
21 77.89 abl] -1.05b 3.63d 8.4Y 7.7 a 0.5b
7 75.67 ab|l 0.34 a 0.42 e 1.8YR | 7.5a 1.0 ab
10 14 61.55b [ -3.97 bc| 11.28 b 1.0GY | 6.1 b 1.5 ab
21 58.51 b | -4.49 bc| 10.39b 2.5GY | 5.8b 1.5 ab
7 51.87 bc| -0.92b | 10.27 b 5.5Y 5.1bc| 1.4ab
20 14 59.68b [ -0.89 b 9.08 c 5.3Y 59b 1.3 ab
21 82.54a | -0.40b 0.77 e 4.2GY | 8.2a 0.1b
7 5456 b | -7.84d | 19.18 a 2.2GY | 5.4 bc| 2.8a
30 14 54.39b | -7.21d | 19.68 a 1.5GY | 53bc| 2.8a
21 82.99 a 0.13 a 1.46 de|| 0.3Y 8.2a 0.2b
of vl
AYEE (A) * * * * *
2= 17 (B) NS NS * NS *
287 (AB) NS NS * NS *

el A d20e) thgdAel o iy
t-7 Aol osted 5%9F 1% FEolA 47

5% T+
=

2
EEERE DRI E)
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

4.24 CuSO, M2l &1t

Fhdlol A el o] Az el CuSOs &l 30x7 dF3A A&7t Az F ©
Ao mAl= G 2AE A= & 9o YERU ST
Al

BEE e Lghe A4F de) A% s17elged Ax F A9
Aelg 2197 BAE A 37738 dehle ta o EA HYeu CuSos
el 5% AYTE Asus FAGTl va Lgtel & AFS e

o] 58.98(10% =& 7)ol A 65.79(20% A 2] 7)S YEF AT},

Ao A Az B 55 JERE a'ge AAd 2o 4§ -93620
2 OANRE A S5 e A Aoy dFx F A 2AE 21Y
A An 54002 thAh A wrgFo g QA tE CuSOs AT E
2143 A A FALE & Ay NS ool wls] AmrA oz HAugo R o
F8ko] 5.46(30% Aol A -7.20(10% A 2 7+)S ERU LT

Agol A A JA 245+5 JEE bk A4
o, FAZTE d2de AH 2AE 2197 AN 23 10428 v 3
Arpeko g o] Fa Atk CuSOs HYE & F 1Uxshe 21U A 24}

A

S 4A% A% bRE 30% A ToIA 8830E AN wke] Aolt
&

CuSOs 9 AP FE GY, YR % YARE e 7hed, 10% A2 @ o
. A3GYE hedio] A A @ ol

a9 11949 o] CuSOs AHPste] 12 F
2197 A A 2AS AAF Ay 1525(5% A g ) oS yEho] FA g
T 7.07 Bh ol & YERAT o]y Ay CuSOs Aol o3& el o
o] Aol TAE Ao 9% oz FAHHL

) Ol AA v AFA CgE o] B @ AR ol

HE” TddasrisA, 77200, 1999.
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A, AK, Mg &

CuSO.Jt &3t Jidlo1d e 8

9| MM

LA DIX=E S8

9 shulol4 el AZX M CuSOs BUof 30x7H HEH2|7} ofatel shaius
of olxle ¥
Ael | A9H A= WA gk
FE | AR
%) | (D L a b H v C
0 |aaw 9| 43.17d°| -9.36f | 8.24b || 9.5GY | 42b | 1.9a
0 4214d | -4.79d | 8.97b || 3.8GY | 4.1b | 1.4ab
7 38.53d | -5.79 ¢ | 11.27 ab|| 3.6GY | 3.8¢c | 1.7a
’ 14 | 38.42d | -5.26¢ | 10.35ab|| 3.4GY | 3.7¢c | 1.6ab
21 | 37.73d | -5.40e | 10.42 ab|| 3.5GY | 3.7¢ | 1.6ab
7 77.12ab| 0.32b | 2.38c || 01Y | 7.6a | 03¢
5 14 | 54.46c | 0.22b| 3.38c || 21Y | 53b | 05¢
21 | 34.54d | 1.79ab| 14.05a || 1.8Y | 3.4c | 2.1a
7 88.09a | -0.11¢c | 0.23cd|| 3.6GY | 8.7a | 1.0b
10 14 | 74.32ab| -2.32d | 2.52¢ || 8.5GY | 7.3a | 05¢c
21 | 58.98bc| -7.20ef| 13.54a || 4.3GY | 5.8ab| 2.1a
7 68.46b | —2.06d | 6.47b || 0.2GY | 6.7ab| 0.9b
20 14 | 60.06bc| -1.31¢c | 6.87b || 7.0Y | 59ab| 0.9b
21 | 65.79b | -0.94c | 4.35¢c || 7.3Y | 6.5ab| 06¢
7 59.43 bc| -5.63 e | 11.63ab|| 3.5GY | 58ab| 1.7a
30 14 | 61.41bc| -3.15d | 6.88b || 2.8GY | 6.0ab| 1.0b
21 | 57.29bc| 5.46a | 8.83b || 44YR| 56b | 1.7a
7 89.74a | 0.41b | -084d || 21P | 89a | 0.2¢c
40 14 | 60.37bc| -2.21d | 824b || 86Y | 59ab| 1.1b
21 | 61.17bc| -2.48d | 7.58b || 0.3GY | 6.0ab| 1.0b
of vl
REIRS * * * * "
AsAe I B NS NS R . NS
HaeA AB) | NS NS * * NS
5% g WellA 9 Aol o3 v Fdgke] Ae 1k Foge] A8H.
A Slshel 5%k 1% FEOIA 27 fe Al Aolt A4 H,
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

25

20
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= 15 N m Ake| M AL 7
< ArlME=AL 14
= e A ol
=|=< 10 I~ - v Y, XM Z=AL21 &
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0 NZAIN7 7N 7 Al

0% 5% 10% 20% 30% 40%
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

431 Al M2 23
S5 28 dx el Al §90) 3023 dFRA Ak Az F oA o

A= PdFE ARG A L'ghe Al 29 A§ 445701900 Ax & A
S 2197 AAjgk A3 56885 YEU o™, Al 30% AT
2 73

* o Al
e Y po

1
o
=
>
(o
fitl
2k
r>~
rot
W
B=)
Lo,
_&
o
N
)
a
2
=5
—
S
jabl
3

28.12% i Aol A A ko] YA Aot

Az Y3 A 448 vERHAT. Al AP TE 21U A 2AE F
A3 5 10 2 20% ATt 492, 413 2 3952 Fx o}

H, 30% At 216 YERAT bge alAe 2o A -

Wako] Ak oy Hx 0}04 XHM ZAME 2197 A AF é‘ﬂr 20.18% %L

3 A} b*%k% 10% z%r‘ﬂ?ﬂ 151302 A
(e}

Wipe A8 Eo A3 PARGIROY AZR EE YRALE e
Algole] A2 FE P, Y, YR AQE e
)

A YElE AE RS AA® 22 J1FoR & w2y 120149 2

o] Al 10% A2l 4= 63.48% Atol7} 7k AA yew=dl, o= FEAIQE A
A2E AN E ALRE 480] Y ABS Az FozA Ao ehgAol
AR A Ao A,

28) Starr M.S. Francis F.]J.. "Effect of metallic ions color and pigment content of
cranberry juice cocktail.” /. Pood Sci 35.1043-1046, 2007.
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

E 10, 8% Todol Ax M AIBAU| 30E7H dexalsl erstel Al stol ol
X ol
Az | A4 A= Bz
$E | AU
(%) () L a’ b* H Vv C
0 AAg 2| 4457 ¢ | 28.12a | -41.62 f 1.0P 4.4 11.1a
0 62.43 a 1.59d 9.71 ¢ 0.1Y 6.1 1.5e
7 59.50ab| 4.52c 1.47 d 8.9YR 5.9 2.7 de
° 14 59.46 ab| 8.58 Db 1.70 d 8.9YR 5.8 2.0 de
21 56.88 b 4.48 c | 20.18 bc|| 9.8YR 5.6 3.2¢C
7 56.00 b 0.73d | —2.00 e 3.6P 5.8 0.2 f
5 14 47.91 ¢ 5.26 bc| 24.19b 0.1Y 4.7 3.8¢
21 60.71 a 492c | 26.61 Db 0.1Y 6.0 4.1 bc
7 58.00ab| 0.70d | -1.00 e 3.2P 5.7 0.2f
10 14 51.41 b 4.23c¢c | 23.73 Db 0.2Y 5.0 3.6¢C
21 59.86ab | 4.13c | 15.13 ¢ 8.9YR 5.9 2.4 de
7 60.28 a 5.41 bc| 34.77 a 8.4YR 5.9 57Db
20 14 51.54 b 3.06c | 23.45Db 1.2Y 5.1 3.5¢C
21 54.43 b 3.95¢c | 23.20Db 0.2Y 5.3 3.5¢C
7 53.40 b 9.156b | 28.12Db 8.3YR 5.2 4.6Db
30 14 51.67 b 2.70d | 26.74 b 1.8Y 5.1 4.0 bc
21 52.46 b 216d | 23.25b 1.9Y 5.1 3.4cC
o v]
A E= (A) * * * NS *
AP 13t (B) NS NS NS NS NS
?;%;74] NS NS NS NS NS
596 % WolA WA ThEAAel % W Wrgte A 2 fo4e] 14H
“ Al osted 5%t 19% FEelA A7 fo49 Aol A4,
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m ALl MZEAL 7L
N At MZ=A 142
A X[ Z=AL 21 A
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

432 AIK M&

£ 2o Ax Ao AIK |90 30x7F ¢

ot

A4 A Az T A

s QS ARG A Lghe Mg 2o A9 44572 x| od =
oAl = A dElden, AIK 8 5% A2l 79 30% A2 40999
41487 21d g 3ol ael7h A WERETHE 11). a gt A o] ¢

28122 AAFE oA A el AAH U dx F Agd 2AE
2147 A2 A3} 4485 YERAH. AIK A&7 2197 Aejd A4S

g Az 30% AT 11.812 AAF 23] 2ol 7p 7 2t
Aol A FA AN AFE YEldlE b e AXE 29 A9 4162
2 A ke AFH o Axste] KoM FALE 2143 AAE A
20.18% AwFgko] YAk AIK AgE 3 F Azxsto] 2143 2o
ZALE AAS A bEE 10%, 20 2 30% AT A el 91x35HA
T, 53] 20% A tE 12782 AlAg £3e] Aolrt s Ak o A
IK Agol os) &5 2olo] Aol xd 2L GEA b a7}

9 A
$5 2o FA2eL G u) pHE| Wk AP0l £o] HEA ol A5k A Fol
=

N

ES A
o A2 Aow FAHER ofo] gk FAT AF7F glojor & Aow
Aztd
A AR e A5 PALGId oy dxd £2 YRAZ S YEHAWT
AlEHE 20% 2 30% At dx F 2197 A9 Ags F AoA=
Zkzt 2.2P, 6.4PE YEHU LT
AATE JERNE AE#S 19 13049 o] Mg £S sFor T

W AIK AT mohs A FelA Aelst Agem, 53 AeEwst wes
s Magrel A& B S vhehul ot

29) Griesbach R. J.. "The inheritance of flower color in Petunia /hvbrida Vilm.” _J
Heredity, §7.241-245, 1996.
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A, AK, Mg &

CuSO.Jt &3t Jidlo1d e 8

o #M STIo 0IXE F&

E 1.8 £Ye Ax M AK %o 0=zt deXalst ehste| st H stof
o|x= &8
= 2 2} 9] A AEZ oAz
TE | A7z
(%) () iy a b’ H Vv C
0 AAF &= 4457 ¢ | 28.12a | —41.62f 1.0P 4.4b | 11.1a
0 62.43 a 1.59 e 9.71 b 0.1Y 6.1 a 1.5 cd
7 59.50 ab| 4.52 d 1.47 ¢ 8.9YR | 5.9 a 2.7 cd
’ 14 59.46 ab| 8.58 c 1.70 ¢ 8.9YR | 5.8a 2.0 cd
21 56.88 b 4.48d | 20.18 a 9.8YR | 5.6a 3.2¢C
7 38.25d | 13.48b |-19.70 e 1.7P 3.7b 5.3b
5 14 42.10c | 10.34 b 5.13b 0.2RP | 41b 2.7 cd
21 40.99 cd 1.50e | 3.78 bc 8.0YR | 4.0b 0.6d
7 57.65b 7.90c |-16.44¢e|| 9.8PB | 5.7 a 3.9¢c
10 14 56.50 b 8.22 c |-9.27 de 4.6P 5.6 a 2.7 cd
21 62.14 a 5.56 cd| —2.24 d 0.7RP | 6.1 a 1.4 cd
7 4559 ¢ | 10.22b |-8.63de|| 8.5PB | 4.5b 6.9b
20 14 68.22 a -1.04f 4.36 bc 7.7Y 6.7 a 0.6d
21 49.90 c 8.48¢c |-12.78 ¢ 2.2P 49b 3.4¢c
7 58.00 abl 0.70e | -1.00d 3.2P 5.7 a 0.2d
30 14 40.34 cd| -1.33f 6.56 b 7.8Y 3.9b 0.9d
21 41.48 cd| 11.81 b | =9.70 de 6.4P 4.0b 3.3¢c
o m]
RS * * * * *
AePdAel 1t (B) NS NS NS NS NS
5 BA (AB) NS NS NS NS NS
5% T ol "o Al o vk il A 1k fFeidol A H.
DT A A N 9she] 5%9F 1% ol 247 fo A el .
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

433 Mg M2l Fa
45 2 Az Aol Mg &9l 3023 9BRA A7 Az F WA

MRS GFE AR A g A 2o A 4572 Az o3 =

o]
o
>
s
o
o2t
o
i
o,
=
32
o
=
=
0Q
oo
2
2
ch
>
rlr
o1
X

g
—
o
X
2
ch
-

l
2
o
ol

A A7 4485 YElUl e, Mg A
3} 30% AT 2628 ALEas FA

Aol A FA AN AFE YEtdE bt AXE 2o A9 -41.62
2 A e st oy Axste] AojaA ZAME 21UzF AAE A
20.18% Agko] 9A st Mg Hel& & & 7dxshe] 2197 #A9d =
AVE AAEE A bTEke 10%9F 20% A2 e 2559 54602 A vk
of $1AsA ™, 20%9F 30% gt 21.699 283002 Ao 938}

gL AN £ A PALoI oY AxE 22 YRALE S UeEblA W

]
Mg &9 A= 5% 2 10% AT+ 7P 45P= PAIE S eI
Ak YElllE AE @RS A4 28 Veeg & u a7 1437 2o
Mg A2 5% % 10% Az FolA AA verwch Mg Aol os& &9 39
AAEgre]l Aol olfr= Mg Adel o8 23 e pH7F Yepxltta g
%9 Yo pHE Y31 protons AR Y #2138 A7) o] 713 o]

doz w7 wEe] Ao Wde @ i An0e] @ Aoz Az

r}o >1-

=

30) Raymond, B.. 7%e flavonoids, New York: Chapman and Hall, 1988, pp.525-538.
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

g 12 89 Y9 d=x Mg S0 30x7F HEAME| It 2hste| 3HAH 5o
olxl= g8
e | AL HEZL A gt
TE | A7
%) | (@ L a b H v C
0 |AM% | 4457 d°| 28.12a |-41.62h 1.0P 44pb 111 a
0 62.43 b 1.59d 9.71d 0.1Y 6.1ab|1.5¢
7 59.50 b 4.52¢c 1.47 e 8.9YR| 5.9ab|2.7 bc
° 14 59.46 b 8.58 b 1.70 e 8.9YR| 5.8 ab|2.0bc
21 56.88 b 4.48 c 20.18 b 9.8YR| 5.6ab|3.2b
7 39.54e | -13.92e | 17.21bc||7.1GY | 3.9b |3.2b
5 14 52.73 ¢ 4.88 ¢ -4.80 g 5.6P 52abl1.5¢
21 48.79 d 4.06 c -2.55 f 8.7P 48b |1.0c
7 42.88 d 6.89 b -3.20 f 89PB| 4.2b |8.4a
10 14 50.92 ¢ 2.66 c -2.98 f 4.6P 5.0ab| 0.8 ¢c
21 51.94 c 4.83 ¢ -5.46 ¢ 4.5P 51abl1.6¢
7 59.76 b 4.43 c 12.25¢ 7.6YR| 5.9ab|2.1bc
20 14 56.06 b 3.89¢c 19.93 b 0.1Y 55ab|3.1b
21 57.56 b 4.33¢c 21.69b 0.1Y 5.7ab|3.4b
7 75.29 a 1.37d 25.01 ab|| 1.7Y 7.4a |3.7b
30 14 62.80 b 0.71d 26.53 ab|| 2.9Y 6.2ab|3.9b
21 72.32 a 2.62¢c 28.30 a 1.0Y 71a |43b
o v
A8 5% (A) * * * * *
1}94?5174717& * NS NS NS NS
?;f;fﬁ] . NS NS NS | NS

5% = WellA die] gsAAd g vhE HFarghe] A 3 oAl AAH.

S Al Slabe] 5%t 1% FEoNA 2H7E F Al Aol 14,
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

4.34 CuSO, NMe|l =3
G5 2o Ax el CuSOs 8ol 3023 dv3A A7t A=
A

_‘6;;
of MAE JFe 2AR Aot PES el L'ge A4 T 3§
e

sto] A ZAE 2193 AAE A3 20.18= AuFgko] ¢ X5}

CuSOs A2 3 F Azxslo] 2147t AH ZAE AT A3 bk 5%

o] 5685 A9stile FAY T} FAG FES UERY AT
73

¢

- PAGoIR o CuSOs A5 dto Adx F 219
7+ A9 z2AE AN Al Aubd oz YALS e
AAEE YEllE AERE Ade 28 7Fez & o 1y 153 2o
CuSOy HE & dto] A9 ZALE 2197 A & ARG 5% A2 ol A
54.79% F-A g gtel s 2gkot 10, 20, 30 H 40% A= FA T F
Abgh S dERLT
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2 5949

Aol 7k A4 .

E 13. 89 £Y9 A= © CuSO, Yol 30x7+ LEA27t 2F3tel A 5t
of olxl= H&
Ag | ALA HAEZ w4 g
TE | AYz
(%) () L a b* H A% C
0 |AXF 2| 4457c¢" | 28.12a | -41.62¢ 1.0P | 44a |11.1a
0 62.43 a 1.59 ¢ 9.71 bc 0.1Y | 6.1a 1.5¢
7 59.50 a 4.52 bc 1.47 d 8.9YR| 59a 2.7b
° 14 59.46 a 8.58 b 1.70 d 8.9YR| 5.8a | 2.0bc
21 56.88 ab 4.48 bc| 20.18 a 9.8YR| 5.6a 3.2b
7 48.91b | -0.76 d 6.92 c 5.8Y | 48a 09c
5 14 49.35b 0.40 c 8.07 c 2.7Y | 48a 1.1¢
21 48.39 b 0.74 c 5.68 c 1.1Y | 4.7 a 0.8¢c
7 51.44 b 0.56 ¢ 15.74 ab 3.1Y | 5.0a 2.3b
10 14 43.95¢ | -0.39d 10.47 b 46Y | 483a 1.4c¢
21 49.49b | -0.10d 19.22 a 3.9Y | 48a 2.7b
7 53.28b | -2.16 ¢ 10.56 b 7.7Y | 5.2a 1.4c¢
20 14 51.94b | -1.17d 12.23 b 56Y | 5.1a 1.7¢
21 52.72b | —2.07 e 18.51 a 6.0Y | 5.2a 2.6b
7 54.40b | -1.03d 19.48 a 48Y | 53a 2.7b
30 14 49.05 b 0.27 ¢ 21.51 a 3.6Y | 48a 3.1b
21 50.93b | -0.75d 20.61 a 46Y | 5.0a 29b
7 58.81 a 2.78 ¢ 511c¢ 1.5P 5.8 a 1.2¢
40 14 43.28 ¢ 1.63¢c 7.97 ¢ 0.1Y | 4.2a 1.2¢
21 52.53 b 0.65¢c 20.17 a 3.1Y | 5.2a 29b
9] v
AT = (A) * * * NS *
AP 1t (B) NS * NS NS NS
?;%;ﬂ] NS * NS NS NS
5% o WelA bzl g Aol e v Faghe] A7 1k fode] AFE.
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£ 14 8% Yol AZX M Al ool 3027+ PEH2It gratel sHakw stol ol
= &8¢
Az | A4 Ae g R g
$E | AU
(%) () L a b* H Vv C
0 A8 9| 43.33¢° | -15.79d | 24.26 a 5.8GY | 4.3ab | 4.1 a
0 41.43¢c | -10.72c | 18.64 Db 4.8GY | 41ab | 1.4b
7 42.08c | -14.06d | 20.29 b 3.6GY | 3.8b | 1.7Db
‘ 14 42.42 ¢c | -14.34d | 19.06 b 6.8GY | 4.2ab | 2.3 ab
21 41.76 ¢ | —14.47d | 10.42 ¢ 3.5GY | 3.7b |2.7ab
7 41.86 ¢ -6.62c | 19.04 b 1.0GY | 4.1ab | 2.6 ab
5 14 43.93 ¢ 1.09a | 17.19Db 2.8Y | 4.3ab |2.5ab
21 43.89 ¢ 1.50a | 13.92 ¢ 2.1Y 3.7b | 2.0ab
7 41.86 ¢ -6.62c | 19.04 b 1.0GY | 4.1ab | 2.6 ab
10 14 54.07 b -0.40 b 7.40d 45Y | 53ab | 1.0b
21 73.12 a -0.13b 2.01 e 4.0Y 7.2a | 0.2Db
7 65.09 ab| -0.61b | 4.07 de 6.0Y 6.4a | 0.5Db
20 14 39.96 ¢ -0.09b | 14.73 ¢c 4.3Y 3.9b [2.1ab
21 45.69 ¢ 0.51 a 6.83 d 23Y | 45ab | 4.0a
7 39.44 c -1.31b | 1891 Db 5.6Y 3.8b | 2.7ab
30 14 39.76 ¢ -2.68b | 19.00 b 2.0GY | 4.4ab | 2.5ab
21 39.50 ¢ -4.76 bc| 17.96 b 9.4YR | 39b |[2.5ab
o v]
Aess (A)] . . . x
AP 1t (B) NS * NS NS NS
?;%;74] NS * NS NS NS
506 % WolA WA ThEAAel % W Wargte A b fo4e] A4H
“ Al osted 5%t 19% FEelA A7 fo49 Aol A4,
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4.42 AIK M2l g1

S 49 dx Aol AIK & 307 d83A Azt dx F Ao
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[e5]
Py

A ro Al G HA 55 YEUE b e 24
Aed, FAYF= dxste] A 2ALE 2197 A A
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3} 10% AT 4§ 21512 AME Zape] Zolrt b HA yERyko

AL AAF 9o FAFe A GY Adelden, Al £9 A Fe
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i AIK FAg T 4% 5 249 A 219 Ao 13995 e
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A, AK, Mg &

CuSO.Jt &3t Jidlo1d e 8

o #M STIo 0IXE F&

E 15 89 Ao Ax ™M AK 8¥oll 307 LEHM7L Fstel st stof g|
A= g
= g 2} 9] 4 dE Z HA gt
TE | AY7I
(%) () iy a b’ H Vv C
0 A | 43.33b° | -15.79¢c | 24.26 a 5.8GY | 4.3 a 4.1 a
0 41.43b [-10.72b | 18.64 b 4.8GY | 4.1a 1.4b
7 42.08b [-14.06c | 20.29 a 3.6GY | 3.8a 1.7b
’ 14 42.42 b [-14.34c | 19.06 a 6.8GY | 4.2a | 2.3ab
21 41.76 b [ -14.47c | 10.42 C 3.5GY | 3.7a | 2.7 ab
7 3861b | -1.84a | 16.81 b 6.4Y 3.8a | 2.3ab
5 14 39.34b | -2.68a | 16.88b 7.3Y 3.8a | 2.3ab
21 40.03b | -3.16a | 14.46 b 8.4Y 3.9a | 2.0ab
7 40.37b | -7.43b | 21.45a 1.1GY | 3.9a 3.0a
10 14 4216b | -9.24b | 21.54 a 2.6GY | 4.1 a 3.2 a
21 41.01b [ -8.53b | 21.51 a 2.0GY | 4.0a 3.1 a
7 38.93b [-10.16b | 19.47 a 4.0GY | 3.8a 3.0a
20 14 38.28b [-10.09b | 19.65 a 3.8GY | 3.7 a 3.0a
21 59.83a | -2.28 a 4.08 d 4.4GY | 59a 0.6c
7 41.86b [ -6.62b | 19.04 a 1.0GY | 41a | 2.6ab
30 14 52.66 a | -5.49 ab| 14.15b 1.7GY | 5.2a | 2.0ab
21 37.65b | -1.90a | 15.67 b 6.6Y 3.7a | 2.2 ab
o m]
PR * * * NS *
AepdAfe]7 1Rt (B) NS NS * NS NS
Fa oA AB)| NS NS x NS NS
5% T ol "o Al o vk il A 1k fFeidol A H.
DT A A N 9she] 5%9F 1% ol 247 fo A el .
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

Aol Mg & Aol 307 dvA Agste] Az F w4y

L' aldsk o A9 43330104, dxAE
2 Aol ZA ¥koen, Mg 10% Az FolAE 39922 A
e Qg3 341 AolE YEFUTHE 16). MAF oA H A3} 4 XF=E e
Wi a'ghe AAe g A9 157982 =4 v X stdon, Hx F
2197 oA £AE AAE AT 14472 Ebdo] AAE AT 2ol v}
27 gokrh. 2y Mg AT 2197 A9 2=AE & A% 0.65(20%
A el -291(10% Al +)2 AR golA 2 Anpako o) o]Fo] Wl

Aol A Gz A 55 JEldlE b gk Alde g AH S 24260
2 g g At o, Hxsle] oA HAME 2147 AAS A
10422 gkol Zolx 71 A FAdheke] Xt Mg Hals & & 2
Z3sho] 2193 A9 FALE AT A b e dAubg oz vrolx A nk
10% A8 TF& 14522 FAe 3 woh 243 Ao zfo]7h )

A AAg da Mg 49 FALFE GYALS YEFAA T Mg £ 9
A TE GY 2 YAES Jerded, Mg A= s & F 2143F 294 24}
E A% e BT YAESE YER

MRS eI E AE @S Mg A& sto] dx & 2147 A4 AL E
AAF AL 1650(10% A 2 )l A 29.21(20% A2 T)E YEbdo] A g T

=

o,
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8

E 16, 89 ¥o Ax ™ Mg Yo 30x=7t fEXNel7t &Ete| sHM M stof| Of
A I
A7 | YA dE Z A g
Te | Azt
(%) (4) IL° a b’ H Y% C
0 |[24d 9| 43.33b° | -15.79d | 24.26 a 58GY | 4.3b | 41 a
0 41.43b | -10.72¢c | 18.64 b 48GY | 41b 1.4Db
7 42.08b | -14.06d | 20.29 ab|| 3.6GY | 3.8b | 1.7b
’ 14 42.42b | -14.34d | 19.06 ab|| 6.8GY | 4.2b | 2.3 ab
21 41.76b | -14.47d | 10.42 ¢ 3.5GY | 3.7b | 2.7 ab
7 44.85b | -10.61¢c | 24.57 a 2.8GY | 4.4b | 3.6a
5 14 41.39b -6.07c | 19.02ab|| 0.5GY | 4.0b | 2.6 ab
21 46.97 b -0.63b | 9.49c 51Y 46b | 1.3b
7 57.85a | -11.63c | 23.40 a 41GY | 5.7a 3.6 a
10 14 41.12b -5.86¢c | 18.82b 0.3GY | 40b | 2.6ab
21 39.92 ¢ -291b | 14.52b 8.1Y 3.9b | 2.0ab
7 37.38 ¢ -0.03b | 16.39b 4.2y 50ab| 1.1b
20 14 36.72 ¢ 0.07a | 14.93b 4.2y 3.6b | 2.1ab
21 57.96 a 0.65 a 5.05d 0.7Y 57a | 0.7b
7 53.90 a -4.51b | 21.03 a 8.1Y 53a | 29ab
30 14 4117 Db -6.16¢c | 19.26 ab|| 0.6GY | 4.0b | 2.6 ab
21 32.36 ¢ -1.69b 5.70 d 9.0Y 6.1a | 0.8b
9] v
Aels % (A) * * * * *
ApdAe) 1zt (B) NS * * NS NS
2B (AB) NS * * NS NS

5% i el "o tsAAe g vk Hatghe] Al P frelAdo] A,
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

4.4.4 CuSO, M2l g5

49 A Az do] CuSOs &Nl 3027 d9FAA AHEsd dx F
Aol m X IS A A Lghe AlAg 99 9 43330901
Z F A AYE 2147 AAS A3 41765 YERY Y T o F A F
o} 1 zkolE AA @TE CuSOs M FE 5% A TFE AYstae F
gl sl Ligkel w2 A AFS dEhdlo] 3632(10% A F)~
39.76(40% 2] 7)< YHER AT

Ao A AT B 255 JERE a' gk A g9 A 15792
A Aol A A o] A ddem, Ax F A RALES 2197t
Ag e Aol E 14472 MM dnpe] zpol7t AR ggkth CuSOs A €
T 21U A ZAE G A Al el nle A

N R

32

2]

.

il

= o]& 5] -0.08(56% A 2ol A -7.59(10% = 2l 7+)E YEFH AT
M T FAn HA A5F2 e E b AAE 9o A

A=, CuSOs A2 S 3 F dxsho] 2197 A9 =AS A G A3 F

A2 T+ 10.420] vl8l 5% A e G 9430 % ThA wrtoy 1 9] FROAE
FAE ol Hl AN A bgel Aol AYom, 53] 20% e P
18200.% Aol7h ATk Age AMF U3 PALse] A% A F§

T GY Aldeold o, CuSOs & A= GY 2 YAILS e 7hE
o, 10, 20 ¥ 40% A E & v dx F 21Uz AA 2ALE & Aol A=
7+7y 22GY, 05GY ¥ 14GYE Y el
e YJERE AE 2 CuSO0s 10, 20 2 40% H &l F7F FA 2 ol n)
3 mmatA 22 AFE GERHATHE 19). o] ] AnE T BW &
o Qo] MAMAE ZHog CuSOs HYAE 10~20%= o wf T2 ol
e oA b e, ol wad ol dEg wWEEE o ®Aaw
AE sl CuSOs A 27 widsEzE dule] Mg7h Cuet A3t s
Boh AWstA st HuAy &9 ol F2d 4% F MgZh Cudt
21 8kete] M-S wBrp AW atAl shar, Aol ok B AS HAsEuA 7]l
=] 7/4\03 xgﬂ-gq_

31) &M T dEE mEEE do Radd 2 CuSO, Aol wE A4 W
=3 At Ay 77:207-211, 2003.
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Al, AIK, Mg & CuSO,Jt 2&& JtHI0lEn S| HA X0 OIXls S8
F17. 8% Y8 AX Mol CuSOs S%ol 30&2F HerH 2|7t efstel shayu
of olxle ¥
Agl | A9 dE @ WA g
= | A7
%) | (D L a b H v ¢
0 |axw 9| 43.33b7| -15.79d | 24.26a || 5.8GY | 4.3a | 4.1a
0 | 41.43b|-10.72¢c | 18.64ab|| 4.8GY | 41a | 1.4D
7 | 42.08b|-14.06d | 20.29 ab|| 3.6GY | 3.8a | 1.7b
’ 14 | 42.42b|-14.34d | 19.06ab|| 6.8GY | 4.2a | 2.3ab
21 | 41.76b | -14.47d | 10.42¢c || 3.5GY | 3.7a | 2.7ab
7 |37.28b| 1.28a| 16.78b || 2.8Y |3.6a | 2.4ab
5 14 | 34.73¢c| 1.97a| 1477b || 1.7Y | 3.4a| 22ab
21 [ 57.78a| -0.08b| 9.43c 3.5Y | 57a| 1.3b
7 |3847b| -5.59b| 19.05ab|| 0.1GY | 3.7a | 2.6ab
10 14 | 37.09b| -7.79c| 18.32ab|| 2.2GY | 3.6a | 2.7 ab
21 | 36.32¢c| -7.59c| 17.98b || 2.2GY | 3.5a | 2.6ab
7 | 4030b| -6.84c| 20.77ab|| 0.7GY | 3.9a | 2.9ab
20 14 52;’3 -3.39b| 7.81¢c || 2.2GY | 49a| 1.1b
21 [ 38.88b| -5.80c| 18.20ab|| 0.5GY | 3.8a | 2.5ab
7 | 41.66b| -5.85c| 20.30ab|| 0.1GY | 41a | 2.8ab
30 14 |39.42b| -2.70b| 13.57b || 8.0Y |3.8a| 1.8b
21 [38.03b| -2.85b| 12.60b || 85Y |3.7a| 1.7b
7 |38.82b| -7.41c| 19.06ab|| 1.7GY | 3.8a | 2.7 ab
40 14 | 41.21b| -9.22¢| 20.14ab|| 3.0GY | 4.0a | 3.0ab
21 |39.76b | —6.02c| 16.01b || 1.4GY | 3.9a | 2.3ab
o v
A% x * * NS x
AP B | NS NS * NS NS
FE oA AB)| NS NS * NS NS
5% FF WellA 9] tsdAel o vhE Farghe] A P oAl AAH.
Al lshe] 5%k 19 FEAA A7 oA Aok AR,
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Al, AIK, Mg % CuSOgt 23HE JtUI0Id D EE9 BA X0 OIXl= HE

H 5%
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Fatg FAAVCIAL S E R Ao WM YA EHE FPHTA
Al, AIK, Mg % CuSOs& 7t7t 5, 10, 20, 30 2 40% # 312 gk & Hof 7}

Qe 3027 A5 AA A Az F AH x4

ol §ye ¥ A ;]
dgo mE WA AEE iA}S}aiD}
A Fol A Ao , AIK, Mg % CuSO4 34 g7} ¥ A2

3 A

s A7 Al 4*““ A2 e 30% FEolA WA §3}

7 Atk AIK A ALe 30% 22 A8 Tﬂa%oﬂ Hlef thA WA A E

FE et Mg 3149 AgAE 10-30% & A Al e el H] )
L'gke] w7k A9om, a' gk b'#t z‘ﬂoﬂﬂt 30% A FelA e Eto

Zpol 7k AHof WA WA F}A ot} CuSOs AN HelF& Fxol 7

of WAL dEge 24}

el
B WA E3bh AR, 53 200 Ao A B3 o] lu,

il 4 sl the AL AIK, Mg % CuSO: 3419 Ael7k WagAo] v
g 24T A3 Al IHAA L FAYP va WA e Aoz
vhebd 2

Etth AIK 5499 5% o Ae g Addent WA wAe = 137t @
otk Mg 849 20% AA L'ge obzoy A4 Swdas 44
o o]zt AT CuSOs 54 & 0% A2 A WA .
g% 2o W@ AL AIK, Mg 2 CuSOs 8141e) A7k A ne
& 2AE A Al §908 WAl @ ndvh A @tk AK

R 17} Aol FoaA BAA THE hEAT, CuSOs 314
Feol meh L't 2 bgel Aol dglon Aumom WA

S5 ool W Al AIK, Mg % CuSOs 3|4 A7k MAgA o] mA= o
= A Al s A Agsed weh L, a 2 batdl zAole e
How WAl g FelelA @tk AIK 3442 10 2 20% A
Al |l aak7h dlou Mg 314 e A= i Ao 2 237 gl
At CuSOs= 10% 3| Ao Aol vlashvel W% g3kS YeEpdo
ol gl Axts Tl BH 4shgo A FdlejAde 3} o aga §F X
I & Al AIK, Mg 3 CuSOy 3|4 oo d<ol 3027 HAAE 3pghofs
oA EEe] wE MAYA gt o7k AA UEEH. aYERE tE F
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122 93 Al AIK, Mg ¥ CuSO, 34¢
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