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ABSTRACT The nitrogen fertilization effect on growth
characteristics and isoflavone content was investigated in
this study, and isoflavone analyzed by HPLC with photo-
diode array (PDA) detector and reverse-phase Ciz column.
Fertilization levels were no-fertilization, no nitrogen, 50%
decreased in nitrogen, standard and 50% increased in
nitrogen fertilization. The 50% increased nitrogen fertili-
zation showed the highest growth characteristics then other
fertilization level and the number of pod and seed showed
maximum value 31.9 and 72.3, respectively. and seed yield
was 2,460 kg/ha. During growth stages, isoflavone content
in leaf, stem and root of soybean plants decreased to RS
stage then increased to R7 stage. Isoflavone content ac-
cording to various nitrogen fertilization condition, in case
of none fertilization, no nitrogen, 50% decreased nitrogen
fertilization showed higher value than those of standard and
50% increased nitrogen fertilization levels. Aglycon content
among the isoflavone isomers showed much higher in plant
than in seed. The highest isoflavone content was found in
the root of soybean plant parts. Isoflavone content of seed
was higher in none, no nitrogen, 50% decreased nitrogen
than those of standard and 50% increased nitrogen fertili-
zation.
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mical 24 &, AAAE Sohg3at Ao HH47| 37
I 22 AHE dieted 2t e 42 gEA 9
th(Arther & William, 1983). &3], o) ZFEo Q=

isoflavone2 antiestrogen, antioxidant®} tyrosine protein
kinase inhibitor 7]|'5-& 7}FX 1 Qo] F Av|7} &L ofr]o}
B AUAY, S, AL Tl BT WHBS B

£ A% A7 Aok AFATY EEHA|(Record ef
al., 1995) k4o dhdm A|u gl Ay 248 &%
g 71548 AFLRA T AFIGEEH M7t XHOVJH
I ek FL FF 9 AsTe Ad g vt AR
oA FE, AR, FUE 5 thdt AFLAYR ofgHL
=, 33 F 7HAE SO 2 EAsi= 1soﬂavone~

genistein} daidzein ¥ glycitein®] 3¢l genistin, daid-
zin, glycitin e 2 &2 $Fci(Murphy, 1982; Walter ef al.,
1941; Kodou et al., 1991). o] oA genistein?} daidzein
2 AE7]so] 7H 48 A isoflavone Q2 A QF
|22 2] Akt B3lol S 9 protein tyrosin kinase 2] &4
(Levitzki ef al., 1995) ¥ t}E A E2H DNA EA et
T topoisomerase [[E A5 EARE A
w(Yamashita ef al., 1991), EAo] A9 gittxn
1996).

Yok o 2 F 9 isoflavone2 100~300 mg %A= 3
Fo9lo(Anlin er al, 1995), =it F E3F9] iso-
flavone $FF-2 46~232 mg % H$ K Choi ef al., 1996;
Kim & Kim, 1996; Choi & Sohn, 1998; 7 &, 1999).
Isoflavone ¥} 2442 &5 9 AujeAoff ot F Ao
7F okl B4 F, 2001; Tony ef al., 2002)& 1L 9l out
WEA7IG A o2 st g drAds

9o

B}
(Bamnes et al.,

3o
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L g g Aotk B ApAt ARAI7E ¥
1 F AEA 9 isoflavone FFHIE Lobr i, AN
o] 39 A%, % Y isoflavone FiFol vl FF
= HES S5 7 E T FTE8E A% 7

2 Aa2 G852 A

A s

X2 L uhH

- O

SAIZHE 2 Ald]

2 Aol AR AP RE 2002, 200340 SEEY
AolA e = u)FS AHESHE AL, Ah AlHRE
of rZ F A& 9 isoflavone ¢HF HILE HES Y] ¢85t
of 64 114 TFstA L, A4A 2= 70 cm x 10 cmo] )
o, AJE|ES N-P,0s-K;0, 30-30-34 kg/haS EFAWZ
o] ELAIH|((NO)S} & A E A H|(NN), 50% 7HH](50% DN),
EZAB|(ST), 50% ZH|(50% IN)E A= 3tgch AlF+
X Gy 3RtEo g ystgon Ald H B3
A Table 13} 7},

M U LUEY XA}

F8 A8A171Q1 R3, RS, RT Al7|of AI2E AFH5t 2
&, AE, EAe 5o S5 10085, 5, d 5
o] =FEAE 2AFSIY oM, o]Ff biste] isoflavone &
A8 AAstETh

=1
=

FAT AEAolA isoflavones &2 FAAR3I] 2
Ao BT A2 04 g 80% WELS 22800 20 mIZ 70T
oA 15AIZF wRkete] =238kt &L 13,000 rpmoj
A 1087 PAR g8t A olS 0.25 ¢ nylon membrane
filter2 o1t & HPLCE Y 4I5}gc). Isoflavone =&}
Ao AMEE BE Gulj= LC grade(Fisher) 321 11742
isoflavone ¥ ZFA]2K(Fujicco Co. Ltd.)S FYsle] AMg-3}
sk

Isoflavone S0 ARRSE T1&ola]| 3 2 utE 12 w(HPLC)
= Waters Allience 2996 system©. 2 TS} e 270

Isoflavone =& U HPLC E4d

Table 1. Chemical properties in soil before experiment.
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Al photodiode array(PDA) HAZ7|2 BA5l¢ch d3L
XTerra™ RP18 column (4.6 x 250 mm, 5-ym particle size)
2 AR5} o, o]FALC 2 solvent Ax water®} acetic
acid(900:52.6, v/v), solvent Bi= phase A%} acetonitrile
(20:80)2 o1g 3tk ol £el=S s 7] St
of AJ7to] wE o]ZAF 2AHL(% solvent A/% solvent B;
0 min (82:18) 0.9 mf/min, 2 min (77:23) 0.8 mé/min, 8 min
(70:30) 0.8 mé/min, 10 min (67:33) 0.7 mé/min, 13 min
(67:33) 0.6 m¢/min, 16 min (63:37) 0.7 mé/min, 17 min
(55:45) 0.8 ml/min, 23 min (50:50) 0.9 mf/min, 26 min
(0:100) 1.0 ml/min, 35 min (82:18) 0.9 mé/min¢j wz} 7)
£7] g5t BAslgch NE UL 25 W2 sl
PDA ZAZ7] 254 nmoJA FE3F¢h BEEA-2 80% 1)
©E 48N 23)3}o] stock solution® Z amber bottleo]
WAR 3 8)4ste] ARPHETUS PIUOY, peak B
G EFEN FEoto] BAR HFMAE A8l isoflavone
q

Zo] 81.979 723 cm’2
7277, 619.7 em’Q) EEA|B|S] 7 of H]|slo] ZtatRe
, AR 2, AE 5ol thE Au|=2o visle] 714 &
Atk Ly FA e NEAH|] g, F E FHES
REAH] 9] 7o Histe] oF7F ZrASIATE &7 oA
5732 Table 3o \}eldll vfe}l Zroj 50%31]2] -
Tt NAD 31970 & 72342 7 weton,
2 2,460 kg/haZ 7M Tk ¥bH FAB|9} NFEA Y]
A7t 24.9709F 25.170, AL 60372 5117, &
8103} 1,780 kg/ha= Hrch

ol fr Ay Ay ol M X2 B
pil
et

rlo o

—

MEAZ|0f LI AEXN| F2Y isoflavone

ABleEe ZEjsto] Aulidt =@nFe] A&7l

HE]

pH oM T-N P,0s Ex.Cat. (¢ mol(+)/kg) CEC
(1:5) (%) (%) (mg/kg) K Ca Mg (¢ mol(+)/kg)
5.8 2.6 0.124 111 0.44 3.7 0.4 8.3
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+ AH F9E isoflavone 3 WIS oA}t B 9] isoflavone FL AlH|=Eol BA Qo] A} o] F
g AE Fig. 1o Uephich FE AR RS 98 4U7 A= Fadhe AFE UE

Table 2. Growth characteristics of soybean in various nitrogen fertilization level at RS stage.

o Plant Stem No. of No. of Leaf Dry weight (g) No. of .Stem
Fertilization  length length leaf. pods. area node diameter
(cm) (cm) (plant™) (plant’)  (cm’/plant) Leaf Stem Pod (plant™) (mm)
NO 69.1° 43.1° 69.7 34.5° 489.0° 2.1 2.7 2.7 12.3 4.5
NN 72.3% 46.0° 74.5 33.8° 390.0° 23 2.9 2.7 12.1 4.5
50%DN 68.6" 44.6° 70.5 32.6° 613.4° 22 3.0 2.9 12.2 4.7
ST 73.07 46.0° 72.7 40.0" 619.7° 2.6 3.7 3.8 11.9 4.8
50%IN 74.4° 49.4° 81.9 38.1° 723.0" 2.7 29 2.9 12.6 5.2
"Values of the same letter within a column are not significantly different at 5% level by DMRT
Table 3. Seed yield and yield components of soybean grown in various nitrogen fertilization level.
Fertilization Stem length Branch_lno. . Stem No. of gods No. of _sleed $eed IQO-seed Yield
(cm) (plant”)  diameter (mm) (plant™) (plant™) weight (g) weight (g) (kg/ha)
NO 46.2 1.8 3.98 249 60.3 7.7 124 1,810
NN 516 1.2 3.47 25.1 51.1 6.9 12.1 1,780°
50%DN 46.7 1.2 3.70 22.5 46.7 6.6 12.5 2,170°
ST 458 1.9 4.10 29.6 52.0 7.2 12.6 2,320°
50%IN 52.4 2.2 445 31.9 72.3 9.4 12.3 2,460"

"Values of the same letter within a column are not significantly different at 5% level by DMRT
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Fig. 1. Changes of total isoflavone content in leaf, stem and root of Doremikong according to various fertilization level during
growth period (No : none fertilization, NN : no nitrogen fertilization, 50% DN : 50% nitrogen decreased fertilization,
ST : standard fertilization, and 50% IN : 50% increased fertilization).



448 BHEIX((KOREAN J. CROP SCI.), 51(5), 2006

golem, olF A47IRN7N oh E7hstarh £719  50% w9} A9vh BEA NG FH R0 ok 2O AL
isoflavone T 73t o] F M AlulSzolA Zastel  UehRe] AdAulgzel W isoflavone FEHL ()
NG A4 AEHom A5 A4S YR @%o] Y 2o AbREch Richard ef al(1995) A

o, Malo = 743} o]% 9Y 4AAE= FH3]
i, o]F A=r|7tA awret S dEh ARt 7H§—P7|
ujo] tekr ol P Ao ke ek} Isoflavone
& phenylpropanoid pathwayo] 2Jaf &A= ASRE AU
A Qlt}. o] pathway+= lignins, flavonols, anthocyanins¥}
phytoalexins 5 &§&] 7}#] secondary metabolitesE A§AJ st
o} FEiAE o] AR 7o wHE jsoflavonestHF2 vl A=
ZFA(R6 stage) Utz ARS8 stage)ollA] © =& 3t
EA| oA 9] isoflavone

A
ANad

Uik BaE o Al

O
2k o
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shegol it Xl AL o|FoA|A] Uit IBERE A
718 ¢, &7], #&ollA] isoflavone FeFRetE & wf 4F

Al WellA isoflavone 2] 4T Hol& A3y flai=
UOZ olof figt & AL o]FojH o T AR Alm
=g

*44\1‘7] o Aldjeso] WE AZA| ZF B9 isoflavone
Table 40 YeRfgict. AJu]pol Righsteletal A
2o A AlH| o isoflavone g W3}=
FUAATE FAJH], NFAE] 9

=2

-

o =

AlH}2] ZFAi= phenylpropanoid A& &
Ho =

77 AEE
A9 SPUE ZH25o isoflavoneFA]-& F7HAIZITHY B
51909, phytoallexin®] HtEd = 2H-g-3sto] 2H59]
K =6 7]edat 2 9lrks AvbE 9rEE ol thKosslak ef
al., 1987; Morris et al., 1991). & A|@ A3} LA H], NF A]
H] 9 50% 7r8]2] A% isoflavone &eFo] =715}
3], A28 50% 7H8]e] Ao} o ke 1soﬂav0ne?ﬂ'
Z7+8 e it o]& Richard et al(1995)0] w3t
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3l ph
/gl

mLkR
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Table 5= olg] 7}A] A|B|SZo|A AulE Tdn)Z 24
o}| 4 9] isoflavone THEFe H4I3H A3fo|tt. & isoflavonedt
e 4262.85~4532.11 pe/g MR Lo, Fu], NFu| 2
50% 7H]9] F97t EeEuy FHjEc thh =2 RS

Sk

Table 4. Isoflavone content of Doremikong plant in leaf, stem and root according to various fertilization level at R7 stage.

(Unit : ug/g)
Leaf Stem Root
Isoflavone o 0 o, 0 0 o
NO NN Sr%" ST Slol\f’ NO NN 5121\/; ST Slol\f’ NO NN 5];)1\/1" ST 53\1/"
Daidzein 366 314 160 339 27 380 1146 453 611 335 1736 1619 1631 982 1594
Genistein 183 171 157 277 161 108 266 77 117 59 358 361 362 230 335
Glycitein 330 nd 21 222 370 nd nd nd nd 12 59 nd nd 309 nd
Daidzin 550 314 294 407 293 491 1181 403 537 312 1362 1658 1583 1963 1079
Genistin 409 371 304 452 388 213 341 131 220 112 395 458 476 734 269
Glycitin 121 287 220 317 325 24 234 194 130 123 361 295 156 287 160
M Genistin 60 nd nd 59 nd nd nd nd nd nd 87 nd nd 65 nd
M.Glycitin 244 428 303 452 513 65 150 49 57 62 96 205 184 249 171
ADaidzin 369 397 257 292 448 310 1085 196 219 217 1155 1490 1482 623 792
AGenistin 615 768 315 705 561 133 368 141 227 105 344 508 635 271 234
A.Glycitin 207 408 278 393 528 117 63 nd nd nd 105 95 65 106 nd
Total  3454% 3459° 2308% 3914° 3615° [844° 4833" 1644° 2117" 1336° 6059° 6689° 6575° 58239 4635°
™. : malonyl, A. : acetyl
n.d : not detected

*Values of the same letters within a row are not significantly different at 0.05 probability of DMRT
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Table 5. Isoflavone content of Doremikong seed grown in various fertilization level.

(Unit : pg/g)

Isoflavone NO NN 50%DN ST 50%IN
Daidzein 9.80 6.82 8.75 9.01 7.99
Genistein 10.89 5.08 7.01 6.03 6.59
Glycitein n.d nd n.d n.d n.d
Daidzin 807.37 874.14 790.59 879.77 844.60
Genistin 1056.06 1095.13 1042.65 1051.67 1096.16
Glycitin 147.75 133.53 144.23 136.44 133.87
M’ Genistin 124451 1255.43 1247.89 1127.62 1308.71
M.Glycitin 1035.89 1053.12 1037.77 1001.32 1078.20
A.Daidzin 9.84 8.97 9.14 8.43 10.50
A.Genistin 7.14 7.69 6.91 14.05 7.55
A.Glycitin 29.62 32.75 35.18 28.51 37.94
Total 4358.86 4472.67° 4330.11° 4262.85° 4532.11°

™. : malonyl, A. :

n.d : not detected

acetyl

Values of the same letters within a row are not significantly different at 0.05 probability of DMRT

Table 6. Aglycon content of Doremikong plant and seed according to various fertilization level at R7 stage.

(Unit : pg/g)

Isoflavone NO NN 50%DN ST 50%IN
Leaf Daidzein 366 314 160 339 27
Genistein 183 171 157 277 161
Glycitein 330 n.d 21 222 370
Stem Daidzein 380 1146 453 611 335
Genistein 108 266 77 117 59
Glycitein n.d n.d n.d n.d 12
Root Daidzein 1736 1619 1631 982 1594
Genistein 358 361 362 230 335
Glycitein 59 n.d n.d 309 n.d
Seed Daidzein 9.80 6.82 8.75 9.01 7.99
Genistein 10.89 5.08 7.01 6.03 6.59
Glycitein n.d n.d n.d nd nd
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H 2

2 Aol Ah AHjego] HGANE AEAH U F
oAl isoflavonedtegol w|X&= JFFE F+Y37| Yot
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I 2t
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