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Effects of Environmental Factors on Growth and
Nitrogen Fixation Activity of Kummerowia striata

Song, Seung-Dal, Jung-Sook Park and In-Sook Kim
Department of Biology, Kyvungpook National University

ABSTRACT

Effects of environmental factors of N, P, pH, moisture, temperature and oxygen on growth and
nitrogen fixation activity of Kummerowia striata (Thunb.) Schindler seedling, bearing symbiotic
root nodules, were quantitatively analyzed during the growing period. The specific nitrogenase ac-
tivity (ARA) of nodules showed the maximum value of 187 gmol C,Hy g fr wt ™! h™! 6 weeks after
seeds were germinated. The total nitrogenase activities per plant attained as 1.56, 0.85, 0.09 and
4.0, 1.11, 0.04 zmol C,H, hr™!, respectively for the treatments of 1, 3 and 5 mM NO;™ and NH,*
on the 60th day. While the plant grown in N-free media for 20 days after treatments of 5 mM
NH,™ for 40 days resulted in 30 mg fr wt of nodule formation and exhibited the relative activities
of 152% and 162% for total and specific ARA in comparison with those of control plant grown
with N-free for 60 days. Total biomass and ARA was by 70% and 86% lower in N and P de-
ficiency, respectively. The N and P deficient plot showed 70% and 86% decreases of total biomass
and ARA in comparison with those of control. The plant grown with N-free for 20 days after
pretreatment with N and P free media for 40 days showed the relative values of 77%, 118% and
150%, respectively for nodule biomass, total and specific ARA in comparison with those of con-
trol. The treatment with acid or alkali gradients resulted in significant decreases of nodule
biomass and ARA. The optimum temperature and pO, for ARA were 30C and 40 kPa, respect-
ively. Two peaks of diurnal variation appeared at 11:00 and 23:00 o’clocks by the continuous light
condition. The plants with water stress by temporary wilting point resulted in 95 ~ 97% inhi-
bition for nodule respiration, transpiration and specific ARA. Transpiration and ARA were
recovered to 88% and 38% of those of water unstressed plants, respectively, 6 hours after the
plants were rewatered from water stressed condition,
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2oEe Malo)A B 24 DA F(Rhizobium sp.) ¢ ol 28] oF 22 W43
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2 AAE DA, Yo B BES UAQe FFete, g APl T
o] Aet oo 2 W& Ho Hubd Ege| v &5t 7]
(Hesterman et al. 1986, Brophy and Heichel 1989, Fyson and Oaks 1990).
2eo] 7 AL FHL 322 YA} B a0l &) Auidch 2R/ 3
Ny g A Yo =o A4S Holi (Song and Monsi 1974), T4 AL G A 3o
A W3 exeo] A WM g Arrirylt Uk (Schweitzer and Harper 1980,
Williams and Phillips 1980, Sinclair and Weisz 1985). ZHE o] HrlH &= 5o ZAastg
2o 280 P4 2 AihuH BAS AAEE, A& AP AuHe o] disigEd
oj&3}A "k (Wong 1980, Bender ef al. 1985, Streeter 1985, Kim ef al. 1987). E%2] 414 3}
= gRRe B Jtue F5 E&S A I3 (Sarkar and Wynjones 1982, Fageria
et al. 1989), Balo) W3 =H#9 =S A5AIZIt} (Caetano-Anolles ef al. 1989). &A1
A FAAE A o8 WEHel 492 44 Ay, F =AM s ERH) AR PolrlF
2 JlAozN FAH EEAQ MR FF S wol HAo Arny FYE FAL F+ A
t}(Monroe et al. 1989). <@ E%e] 48 2Ed e 4o /1T AANE sty 33 L <
2 4L AasE Aoz dex i Advk (Patterson ef al. 1979, Chen and Sung 1983,
Bennett and Albrecht 1984, Guerin et al. 1990). 28} AAng &4 dRiste &9 F
2o Wit 2 EAo] e Aoz »usi vt (Hogberg and Varnstrom 1982, Rainbird et
al. 1983a, Weisz and Sinclair 1988).
WEZL 27, =] v £ AR T Q8 AArHE ©
A 2o ez, FAELTEY T o8 dARIEE T
atod, mekel AT HriA e Holo 7lHste A ERA FEHD
) A= Song# Bae(1992)7F ztAFetol A A& o HEA BE IR
Ex9 wydon, 72HE 4o 2Fadld tatde AE wivk itk o] A
o AR e A NE AEA 7 7@ ASERN 2§ 24anH 2
ati, A, Q) pH, Abx @ e o] Fujxle] nela FE AEY 2 od A
2 AATH B4 1A 43S FFH o2 EYsA
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orl o A |3 vl 5= (Kummerowia striata (Thunb,) Schindler) ] F#-& 10% H,0.9}
0.2% HgCLZ ztz} 1087 Helstel ¥ 273 H, 30T F&7ioA dopr#, 7t
1.5~2.0 cm A3 AL ZTepay ETE(HA 6.5 cm, ¥ol 8.5 cm)ol 57HAH o] 48},
AR (20,000 lux, ¥ 16717, <+ 8213, 25C)ONA Leonard jar #io2 ARl stich
(Leonard 1944). 28579 AE & ofolA AT ANG HFEe oFS &Y 4dd ¥ 5
Hqate] &F 2B FQ Rhizobium sp. o] Betl-& FET 2 mL (25 mg fr wt nodule /mL)E o]



March 1995 Song et al. . Environmental Factors of Kummerowia striata 45

2 A) ¢} 0] 13Y Fo] ZH AEFHT
A&7 8909 Helve Fa 2 o A¥ 7Y NHCCISF KNOs9| Z42H 1, 3, 5 mM A+ L
23 pHH) 32 79] Hoagland F718] X & THE o] 242t 37w o 600 mLY Hol F&3ta, 1
F 1Az WX E @At wFY o] pH Fulj <I4t eFolo o3 pH 4,5, 6,7, 8 2 9
2 zAsYth £8 2EH 29 9L Hoagland FA4 wiA 2 56937 F&A17] 5 F7 9
vj okl & A A s, ZH EYY 5F L4 ulel AR ol2 &= A I AFFel 9o
3] S B == H ol it E%*E‘} 21‘ 7138 grEg e S 2Ry A0 g4 W
H]HL AalPrt L2 9 2/ E vialdl ¥ 0T A 45T7HR 5T HH Y 2 204
27 st 2/ 84S —E— ST AbA Pl 2FE ¥ vial g manifoldol] 93] §
7]21316]-01 argon gas® T X3 &, A4EQME (), 4, 8, 12, 16, 20, 30, 40, 50 2 .60 kPa 2 %
A3, 30°C°ﬂ"1 3087 WiuE oF 848 sl AS VIR W 25 Eo = A4
o] NG Y¥L 2AQst1, Z+ 71oE AEe 20 EY AREE AFH3, Agka 70codAM 3
B 123 WFE ST FFFE HE3AC ol X £ EAE 7 A5 disf 3w
B3l YR E It

F
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A2 #49 &3
R AL Ay Fao o opMER YUY (ARA)ES S ste HH R FH
ot 7 FF a0 R A 2/FE 10 mL vialol] ¥, 200X 3083 A 1?4?5}01 opA gl

(C,H,)& vial volume2) 10% & FY3ta 1213 vl ¥t &, FA}7] 2 sample 0.5 mLE ) 33}
o} Porapak R column (182 cm x 0.32 cm)$] gas chromatographdll 4 &% o|23} H&7]
(FID)o &) 3d | o gdal(CH) #FS FFsle ALy gAHo2 4E3Hrt (Fellows e
al. 1987).
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Table 1. Time trends of height growth, leaf and nodule biomass and nitrogenase activities of K. sériata

seedlings
Growth and Week
nitrogenase
activity 1 2 3 4 5 6 7 8 9 10 11
Height (cm) 21 34 46 6.2 10.4 122 143 185 237 320 320
Leaf biomass? 09 1.5 54 18 41 62 86 205 296 580 580
Nodule biomass? 0 0 1.0 3.2 6.5 94 18 31 54 72 72
SNA? 0 0 125 158 162 187 163 150 135 120 119
TNA?Y 0 0 012 051 1.05 1.76 293 465 7.29 864 8.57

U Unit of biomass is mg fr wt /plant.
2 SNA stands for specific nitrogenase activity with unit of zmol CoH, g fr wt nodute ™'h ™1,
3 TNA stands for total nitrogen fixation activity with unit of zmol C,H, plant ™' h™!,
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2R L wrold 1304 105 Alolo] 2.1 cmoll 4] 32.0 cmE AFs AT, A} TH AEF
Z%Z} 0.9} 0 mg fr wt /plantol A] 5807 72 mg fr wt /plant2 Z 713t th MEE F2 &4
2(X)eF Q(Y) e A=gzrel ARAAE Y=6.97X-0.00057 (r=0.95) 22X & &<
°EM
g2 AgRYo] wE 27 dany v FY(SNA)S Fotg 3%‘%11 ne] 343 F7}
sted, 63Aoll A2l 187 mmol C,H, g fr wt nodule™® h™'ell B3t L, 2 F st 120
amol C:H, g fr wt nodule™! h™! 2| =&& FA&At A=A F 1_/;:_7/_24 %“(TNA) o 2
238 Qo] A =EE 35750 0.12 gmol CH, plant™' h™'el A 652742 A X8| F71td ot 75
BE 343 218 10330 & 8.64 mmol C.H, plant ! h™tel] €3ttt

r\o

f

o/ #4ol njxl= g2l EM

A4 ARFe NO,- 2 NH,™ 9 1, 3, 5 mM A2 ol W& viFE {282 z 718 82
gy 2E B 2 Axud 849 Wale Table 2 9 2ok, 2/ 34 NOs~ ¢ NHy* 24 1,
5 mM @] el A 60d#ell 247}k 9.5, 4.9, 0.72F 25.4, 10.6, 1.4 mg fr wt /plant 2 A thz=
AAAYT) S 31.5 mg fr wt /plantol] thall 22k 30%, 15%, 2%} 80%, 33%, 4% & FaH
3, AanAd g4 e Was 247t 1.56, 0.85, 0.092F 4.00, 1.11, 0.04 #mol C.H, plant™ h™'%
A thZ7(3.5 umol C.H, plant ! h1) 2] 45%, 24%, 2% <t 115%, 32%, 1% & FAH Aok

A o) Aol 40Uz HelF AL APoE 2087 A8 (N20D-NP4OD) & i 5Z& 2
9, &7, Wa g 279 FELL Table 391419} o] 178, 105, 48, 25 mg fr wt /plant2A,
602l 7F A4 Aol thzol vls| 22k 58%, 63%, 107% 2 T1%2A 6042 44 2 Q1 24
o] Zvz} 21%, 24%, 14% 2 15% ®oh 828 Zrtstgen, T/RH] 9 C/Frl& x50
s Zbz} 61%9F 125% 24 vlB§Ad7IRe E718 Byoh B3 8T F da2ad 84
(TNA) ¥ Z89] H &4 (SNA)S ztzt ti 2o ulsf 118%9 150% =4, 6097 4 2
AP 7o 14%9 102% B} AR5 Z7skth $3, 5 mM NH,* ol A 4043 v g3t 5 202
7 A2 AR A2 (N20D-NH,H0D) & vlEE2 o, Z7), e 2 279 &2 744 330,
184, 143 2 30 mg fr wt /plant 2 A, 53] ¥te] 2} AFo] 6097t 5 mM NH,* 22l 7ol vl +
wjolAbo 2 Ztate 1, 2RE 750% 2 A Frhstdvh 18ln T/R ¥l da Aol vl
3 46%= z}ia‘ﬂg% C/F vl& 142% = Z718t9la, 79 A4n3 S43 ugde 4
Z} 152% <} 162% = =2 F7Fskd e

ii"-w

Table 2. Effects of nitrate and ammonium gradients on nodule biomass and total nitrgen fixation ac-
tivities (TNA) of K. striata seedlings

Biomass Growth Control NO;~ (mM) NH,* (mM)
and TNA stage (day) 1 2 3 1 2 3
Nodule biomass 20 3.2 2.4 1.5 0.5 2.8 2.1 0.6
(mg fr wt /plant) 40 10.2 4.6 2.8 0.6 8.8 4.2 0.9
60 31.5 9.5 4.9 0.7 25.4 10.6 14
TNA 20 0.32 0.27 0.20 0.02 0.28 0.24 0.01
(zmol C,;H, plant 1 h™!) 40 1.45 0.87 0.32 0.05 1.56 0.53 0.02

60 3.50 1.56  0.85  0.09 4.00 111 0.04
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Table 3. Effects of nitrogen and phosphorus deficiencies and 5 mM of NH,* application on the biomass
growth of each organ and nitrogenase activities (ARA) of K. striata seedlings

Biomass Relative value (%)

Treatment

Leaf Stem Root Nodule Total T/R C/F TNA SNA
N free for 60 days 310 165 45 35 555 100 100 100 100
N, P free for 60 days 65 40 50 5 160 30 187 14 102
5mM NH,™ for 60 days 500 260 75 (0. 004) 835 150 84 0.01 86
N20D-NP40D% 178 105 48 25 356 61 125 118 150
N20D-NH 40D 330 184 143 30 687 46 142 152 162

4 N free treatment for 20 days after N,P free treatment for 40 days
) N free treatment for 20 days after 5 mM NH4" application for 40 days

A2 g9l Ao mE 2 7|E HEYT IR/ Y ¢ 40 34 VA= g
Table 49} 2o}, A2 2 <l AP o= 60L Ao A EA9] HEHFo] 160 mg fr wt /plant
2 Aa AP (555 mg fr wt /plant)ol] vlal 33% 2 #Aastdon, 27 dA4%Z 0 240H
Ao Aol Ao wal Halrr EA3tA, 608A 2z 5 mg fr wt/plante} 0.5
zmol C,H, plant-t h12x A4 A T79] 35 mg fr wt /plant % 3.5 gmol C,H, plant~! h!o]
vl&) 2+ 14% FEo 2 HAHAJY A4V ZFHE pH 4, 5, 6, 7, 8 L 9914 AFAIZ sl { &
22 F2HELL 60Ul 2+ 257, 296, 449, 370, 362 ¥ 162 mg fr wt /plant 2 % 1,
279 ANEAdR = 22 38, 54, 100, 92, 64 2 0%2A, AT dFej o= A4 A4S
Zarg BH)

Table 4. Effects of 5 mM of NO;~ and NH," and pH gradients on standing crops (mg fr wt /plant) and
nitrogenase activity (z mol C;H, plant "th™!) of K. striata seedlings

Biomass and Days of N free treatment Days of N,P free treatment
activity 20 40 60 20 40 60
Biomass
Leaf 12.8 80 310 8.6 35 65
Stem 4.2 40 165 6.3 28 40
Root 3.4 20 45 5.2 35 50
Nodule 1.2 10 35 1.1 6 5
Total 21.6 150 555 21.2 104 160
TNA 0.2 1.4 3.5 0.3 0.6 0.5
Biomass and pH
activity 4 5 6 7 8 9
Biomass
Leaf 82 106 192 195 160 56
Stem 76 80 105 103 108 45
Root 85 96 128 50 74 57
Nodule 14 14 24 22 20 4
Total 257 296 449 370 362 162

Relative ARA (%) 38 54 100 92 64 0
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EE] A{7NE T THE TUSES W, EST AEA ] g% 4 S4% 28
TH B 2 3EFS Wale Table 59 2ul. B S (RRT, 26.8%)2 24x2E 7
3] ZAiste] 5AAE 1.2% 7R ZA4sdn. A& 71 g5 Hale 43 FVdMe
296~204%%} 271~194% 2] WA Aoz Zasiy o), Hale ZRANAE 441~109%
9} 595~76%< WM Was Bt SR/ N8 EY FFFo] 12%E HE 2497HA
£ 143 gmol C,H, g fr wt nodule™' h™! & Ath&Alo] 93%& ARy, EY &4 1.2%
olslo| M= A B o] 3.2%2 FA3] BASAN, AFFAE o 64T 38% 9] &4 3
g ngon, 4ATFHNE 80%E JEHAY FF SA4H 2 3FLE KA HEE By,
ELFTrE 1.2%04 4.3%= a3, AR HAAM AFGastd 3413 9 6AI =
247} 46% 2 82% 2 3 E5 o, 2447+ 100% 2 3] &8-S A

25 @ A4 Pl 2Ela st e 2F 849 Wsle Table 63 vl #d9] 3
2EE 30CHT, 15T7RA = Svhs] A od, 10celsket 35Toldd e e ol
25%°18t% FA3] Faslan. TREAde AR ARG 40 kPadth F& 33l A

Table 5. Variations of water content of each organ, respiration, transpiration and nitrogenase activity
of K. striata seedlings during water stress and rewatering treatments

Water content Days after water stress Hours after rewatering
and activity 0 1 2 3 4 5 0 3 6 24 120
Water content (%)

: Soil 26.5 225 120 33 1.6 1.2 1.2 252 264 271 27.0
Leaf 296 285 280 270 240 204 209 280 290 290 290
Stem 250 271 250 250 220 194 215 220 220 230 230
Root 441 390 340 320 220 109 190 300 350 400 400
Nodule 595 540 455 420 220 76 90 270 280 350 430

SNA 150 155 143 52 22 5 5 42 60 120 120
Respiration® 100 100 87 72 54 4 46 64 86 96 98
Transpiration” - - 1.05 084 0.26 0.05 0.05 048 08 104 1.05

8 Relative respiration (%)
? Unit is H,O mL dm™2h™!

Table 6. Effect of temperature and oxygen gradients and diurnal changes on nitrogenase activities of
root nodules of K. striata seedlings

Temperature (C )

Treatment 0 5 10 15 20 25 30 35 40 45
Ee_lative TNA (%) 4 11 41 72 77 86 100 48 16 7
Oxygen (kPa)
0 4 8 12 16 20 30 40 50 60
Relative TNA (%) 1 3 11 16 23 31 76 100 79 62
7 Hour

02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00
SNA 160 92 140 214 200 159 180 212
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Table 7. Time trends of TNA of the root nodules of K. striata seedlings with different trifoliate
numbers and nitrogen sources

5 mM NO;~ 5mM NH,*
Hour
0 6 18 24 0 6 18 24
TNA 6.8 6.8 3.5 2.4 4.6 3.8 14 1.2
6th trifoliate 7th trifoliate
Hour
1 2 3 4 1 2 3 4
TNA 0.8 1.6 1.8 2.1 1.8 3.6 4.2 4.5

g EEe] HAAvH 4o dHEE od 2 oF 1149 ZzF Hx<Q 214 2 212
nmol C,H, plant™ h™'& Yelidz, oA ¢ oF 5Ad Zzk HAxA 92 2 159
nmol C,H, plant ' h™12 4] 12A17 F£718 S X & RHh

EE] el E NO; 9F NH,* zH 5 mMe] wjkelo g Hested 2/ @49 wsts 2343t
A Table 7 3 0] NO;™ 5 mM ol X & 182174350 @49 AHa& xg et NH, ' 5 mM
M 1AZEF G433 A BTk MEE 45 AFRE AAGYS W, 2F A
2317 AL 2AN7AA] FARJo Y, 27 AAE BIon, A £ A8A 7 g E
Holg B ‘?3"17} B MA A SFWR A E Auxdel 28] dHAHe Fu}
A g FRISAT

e

I &

I5E SFY ALaH e Huv| A o] 187 umol C,H, g fr wt nodule™! h-t2 A (Table 1)
FE24A A (F #  1992) Y B PR (S 5 1993) 9 ARt #dch EE A4AH
gl ik AAAEY A NO;~ ¢ NH,” 2h2E 1, 3, 5 mM A& Foll A 602 Aol 559,
76%, 98% %} 0%, 68%, 99% Q.2 (Table 2), A4%7]9) 5 mM NH,*x 2] £ A2 2 A9
Hel ¥ AL dYF 2 4 S 2404 4L X348 BYvH(Tables 3, 4).
Hatfield 5(1974)2 2ol¥ 25:71x) A4 UE TFT AEA7) FHAT 2o 28 34 ’D‘*O]
whou, 65714 AAUE FHFAS W 3338 THFF] Z2PUttn Byt 289
AN Aoy g4 1 AEA 27 AR wdo] a7, EH A o‘%}?%lc’ﬂ u}a}
DH% Reg HZErh Mahon(1977)2 g5olA Ao o5t 27 849 747} e}

7o F Aol g Aolztm stgon, Vivo £(1989)2 ZHolA] NO,~ o o Z&u
4 leghemoglobin®] 43t A4 P& YT 4L Halgon Bk 4
Fredeen 5(1989)2 thFollA] 2] Aol o3 g9 Y& »ustydy, Cassman 5
(1980)2 1 Ago] 2 &9 x3}hF-oF 2o he AES] EujrriE: ®a).2859] Ha o
TAlE FFe] Ao Ak A e AN IEE A5 25 F4o] #4435
A = AH(Table 4). Aol M= D5 JFDL 59 w7}t Wstsln, Balg 53 jone &
Fo] Bstgd oz o) AalE Fo] A EARo] A3 = (Moore 1974 Sarkar and Wyn-
jones 1982), ¥&ute} common bean & pH 5.8 3 50014 Ao} WA4-S ot (Fageria ef al.
1989), Trifolium sp.2] A& pH 3.5 o] 3} M= B A Y vHKIm ef al. 1985). French beang
pH 3.5~8.5¢9] WA A& FA3HY T4 HHAYRES Hole Aoz dein Q)

ir
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{Islam et al. 1980). Caetano-Anolles %(1989) & U&slo) gl o th3t Rhizobium melilotid] &
Zrol FA4ol| X 7H53ka, pH 6olstell e TFdo] Wel 25 ogxw AEr s AR
=

] Eof

e e
o
ot

Boim o

]

k)
b

22 oo oo

o] FR AEH AVt A BA 9 g4, A, 55d Y 25 8
#é st (Table 5), Huang %(1975) ¥ Patterson (1

220 gt Fad ol Aalo] 7Icle i a3, ATt
o] Al &) e

L oox X
o

Ea

4o 2

o}
&
_\j%

mlo
rlo £ ry
¥ i

ol
AA
= slRuct o AAEE }1570}"”‘3} Weisz 5 (198
TR Z A AL Ealo] A ol T E Aol o8| AAanH %Lg
o, Guerin(1990)2 & stressAld] &/ ¢ Fo Y= T7lo] 2 4AF
Bennett 9} Albrecht(1984) = 3 25 2| water potential A}o]o)} H-& A
2B 2 ik 2/ AAng S 5390 AEA At o wgstA wkg-sict
o 8 2EY A 710 ZF09] sucrose X o] HLHE BEtan /2 @A)
© AL {7159 Fgo] A HAY Yle] ol B (Fellows ef al. 1987), 5ol A
Z 2Ed 20 93] acetylene $lo] 95% 7450 S dx 289 3EL 0% A
R tH(Sprent 1971).
WEE R4 B <F G40 da HH 2ot AAEGS 247 30T 9 40 kPagl 2} (Table
6), 7999 Haxg #4948 15-38Te &2 WA $A Fx= U3 (Rainbird et al.
1983b), French beanolAi= 15~30C<2 &% oA &4E zte Aoz A Yot
(Pankhurst and Sprent 1976). Hosoda %(1978) & ml 5& o 2 &7} 5~20 kPa®] AbAa ¥t
A ALz g4do] ARt Hustdel, AanA $A98 2R ik rd thal A
o] AW, W& kA EHlME A3 AA=EE Aos A (Criswell ef al. 1976, King et
al. 1988). Weisz 9 Sinclair(1987) & 4ta Aol g €4 JA|7F 7= Aoz BaF
woll 23 4~8A17hloll $+:3] slBEcty RSl igZe] A4y &4 d¥se
he] SHAE HHr} Balandreau 5(1974)& A1 E 9] ZHd| ule} 1-peak & 2-peak 9 ‘24_&1
7b vk 5.2, Hogherg ¢ Varnstrom(1982)2 Leucaena leucocephaial X QA 619
vla] H ool 2ule &Alel lom, g e gAY H o= drT 840 45% ZrtETn
atsitt. Hardy <} Havelk(1976)2 A% #4d9 dwste] Fa Agtale] IR 334
= A AESHE 2dste d2FolEta sy, tEolAde Aol Ao 4wsls b
ERtA] gFEvhs WAl 9lvh(Schweitzer and Harper 1980). Trifolium subterranewm o)X= %
SRt dFY 2x Wyt o & 9&& voeE 2327} 9leo (Eckart and Raguse 1980),
Denison #} Sinclair(1985) 2 Weisz ¢} Sinclair (1988) &= E9F 250 o5t AL 03 A9 o
HE W FAS B2 a9k 18 Rainbird 5(1983b)2 23 49] 10C e &% o]
AME DAY Fe] 2po]7t B2 glrkar 319 )

2GR A FHol %t i EE TFY 4L Aulel HF U R 9 e A BY o (Table
7), A5 e NGRS AU A5 g40] FAaHo 385X o vy(Huang et al. 1975),
v F ko] 25 AN ERQ Myrica galed| M= AARE-E Fhaid & o F40] AA] BA2sH Tt} 3
5o} 3A12tol 4 A E s B 17} Ut Tijepkema et al. 1988).
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8 2

MEE #29 AKHPNAN oF 43 2204 844 vAE 78909 I P
Hoz F4sith 89 Huxe TolE 65A A 187 mol C:H, g fr wt~! h 1%t} NOs~
ot NH« 242} 1, 3, 5 mMoll gt 60 slol 2 Ex3 A2ad $A4L zhz} 1.56, 0.85, 0.099
4.0, 1.11 0.04 pamol C;H,/h B ZALZAHE2 hZF(3.5 zmol C,H, /h)oll &+ A zt-o 2z}
45%, 24%., 2% 115%, 32%, 1%t 8, 5 mM NHe ol A 4097 A2 &k & A2 AP

Ao A 2097 AFANAE W) TF B ZLS 30 mg fr wt /plant 2 Z7}8l, 220 B4
T B8 gz wal 2zt 152% 9} 162% 2 27Hstch A4 2 ¢lo] AWAas A
dgoll el F dEF Ahuy FAo] 24zt 70%9) 86% WA WA 2 o Ay e
M 4043 M e F Ak AP TN 2097 YZAAL W, 27 F4Y 20 B4 2 v
298 4 AoAge dzTo vls) 77%, 118% 2 150%2 S Atk A3 Gate] o A=
FUEFH 28 94 £ A4y S4o] A HAHUYL, FLAuY Y] HHeE 9 A

2ES 30T 9 40 kPa Stk 24417 A& 3atol A AR ABAlE 04 2 0% 1149 742
T B SUHAE BAh F7 2EY 26 i dAYRHM 259 sEFRHY =
H AL B @A o] BE 95 ~ 97% BAHAL, F8 FF o6 6A17F o) ZaEkn A
I gAol 2z} 82%9) 38% B EEH Ak,

ABEH

Ho

HAE - TN - $52. 1987 59 A2 2 A2 AA ) v X = nitrate TeRe] Q. =AY
Bl &3] 2] 10: 175-182.

S - WY, 1992, W] (Lespedeza bicolor Turcz.) o] T4 AAuH 9 453742209
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