He|sUT iEmel AR EREE Al cht
RIFRES

* K E - F

F-® E #F

- B W

BILAEE BARMERE S8R, NEABY BANERE £p8f

B Elaeagus umbellata Thunb.)
Jdex B, 2= FASEE,
T/RH|= 747 2719 1.60%-d
39 slgie IF
A= 20-25 10-15 L 4-6% =

LR =
T-TTE

ATk, A
Az W& =

10
2z EHe

/HO Ak

HCH AXY & * %()C
Aol 289

AL B ‘ﬂflr

T o

336, 584 2 84 uM CiHyrg fr wt nodule"’ -h'gok A EAld)
Gehton] 4240 §4% U 34BE 44 0 % 5% FAIQ0U, £E

Agygy zl}«-_';y_zo _ﬂ/@ gpg_g_o]

o A2

Fa0|: BgleE, f4E

% élt H]—"-ﬂ}—L‘%—"J%E .4/‘1]71”01] 004 2
“—.‘ﬁﬂ Zhg A SlelA g E

=39 24 7]dskn ﬁlf}(Sprent 1979;

Stowers, 1987). AT ZAE 2= dugoz o}

&9 Alnus ghitingsao| M+ 8349 TF/7F RIHD TH9

2 674 Hippophae sp.ol A i Eld 30-2810 % ek
6}1—]-(Bond and Wheeler, 1980). &59] #Aud Z4L o
okt qole] 23 WaEE 1L, Hippophae spo) e 12049 &
FolM 60U R 142 Tasr, $52489 F84 2hge

=58 ouA1ge] 3 (Dawson and Gordon. 1979; Huss-
Danell and Sellstedt, 1983; Pizelle, 1984), ¥9&E¢e Zv=
oF 34 2 4T s 3B S TE Aoz EasEsig
(Song and Monsi, 1974).

Lol SlojA BFQ9lel 229 s .
Bo ot #4 zdo oo disf @
oy, AAUYZ0] Myrica galeZ Q EU}F
A AR LRzl fEld
49 048 HolE Ho] 42479
*al A AR Fax (053) 953-3066
© g2Eehd] [HE] 1994

trE A Z)(Wheeler er al.. 198],

(Ta

g *@%1}

FE 2EYL Fo] o
‘9} 1.1201]/‘1 oF 34
HA ;‘7]°ﬂ 725 uM C-Hy g fr wt nodule "+h
el 7o A2ud FA4e =T daf Azt 41. 54 2 7% TA2 B
15, 20, 25 ¥ 30T o4 HH%}-Q’ ] gAe 7tz 54, 247 516 2 585 MM CHeg [t owt nodule™'-h™'=
W =5 24665 pM CH,-g T wt nodule” '+h
A at] 'ﬂlfﬂfﬂo‘% 16 kPa of4bellA] E&wol, Tf‘TgrE Bl o A
) &L 7} ﬂ"}olﬂ‘” 92%2} 43%1‘?& é"“‘] AA =S} pH 55, 65 L 800M &g 27 2
27 89, 100 2 40%[.20, 1 2 3 mMY NO; Nt NH,-Nejl 4 f‘h‘—a Z7]

387

243,
T 375%d '8} 2312 #E7]s ]-9&11}
hIzA HAAE el B 2 Basier

u\_
7.1 I

h™)e 3Le(35C)

#9 AujgAe
6 1%5} 68, 50%9]

o E

oG ]-

ok 1&%} 20. 50 2 100 mLol| 213} <79 A7 v)&ALe 2z} 35 120 2 § me-plant~'9}

+E33E FUARE 9 5Y $o) YN A}
24e A8 24890

1986; Schwintzer, 1983), = Huj B4 A2 9] Fulo) gt
B3 wEolzty SATHPizelle, 1984). 25 €49 A7 &
S A glutinosa, M. gale 2 H rhamnoides 5 £0)9] WA

Aol A 20-25C o], o} d) A<] Casuarina sp.o1 4= 35
T ol4do 2 B1E9tBond and Mackintosh, 1975; Waugh-
man, 1977; Hensley and Carpenter, 1979; Winship and Tjep-
kema. 1985: Huss—Danell e al, 1987). =AY FEAe}

=
=N
[E]

A He) Aze] g% SE) F4Y F2n4 249 A
g8 71 um+%%@4 Aol & ekt Fvi(Sch-

wintzer and Lancelle, 1983; Schwintzer. 1985; Sundstrom and
Huss-Danell. 1987). ol& 2FA A4L3F g ==
sELAe ,] A 7)9l8l= Aoz ‘g%sqﬁrA{Welsz a al,
in viroo) A AHA9}
Ao ¢EA 3
T cRgME T

A Hol7]|F7h
3 Huss-Danell e al.
1987.1989: Guerin et al, 1990), & oM HAezg A
23FEL ZFEAT T4 %ﬁ{ﬁ ’]r% 72 %HMackay et
al., 1987 Troclstra e al.. 1987; Huss-Danell and Hahlin, 1988),
489 Z3 £#H(Kohls and Baker, 1989) T FAHE-N U}

dlome

}\_.-._._

ﬁ&
N,
&



388 Seung-Dal Song et al.

TGN 5 A28E FFo| weh e WS
251 YcHTroelstra er al, 1985).

SEuiehe HFRAL DY AZRAE 2ol AR YA o
T oguRd BIeuRsd 3 FRAGY &AUEE
Jejn BEe] Wt Ao g% }Pr%ﬂ]r 2 WAt
2489 Qo F RAFUREE o
g A3l del p¥sE ‘%wz—gw yes 2o F
AFl He BEAFUHRE oM AL HolEd
27 Jjdda Qo B8 2FE YAFoEN dage) 3
£33 g7 A HAdelE Exlshy ZE WF24

29 2oTluRel Fe THABQ oALR, A g
RAUR 53 A AABHAY B0 £IBEY A4 2
AR el Fol3kn SIE Song B(1993)S HeliRg

ZM’%‘*M el Ag7Ite 2F 249 At 69
99o] F 91 FYAE vehls e Huslgen. 44 &
A9 %ﬁﬂ.JP_ 24 £ 30C, pH 7, 4F48<) 16 kPa &
dwiste] S4L g

o] A7E EguRe A4FAE gojA A
e 2fF 345 849 el g3 $2 2902 I
L&, PEREY A A2EYE 5 FHlA Y g2 g4
B#HR Wglel S 2430

MEAEE #HAR019 Hz

B 2|4 Elaeagus umbellata Thunb.)2] F2b+= 19924 10
el dzs Bl AfFsid A A Ao RA
30% H.0.0) 30%7t 2 01% S5 1027 Aglsted 7

HARED 285 £H5 & GA; 500 ppmoﬂ 16417} A
Zste] 25C FaolA 447 BopAlACLoHE 55%) etk 1-
2 em¥ %L W pot(75%90 mm)el] SAHH o143tk Eoke
29} Hu|geo|EE 1112 Efsted merEwsisich 4
Aol Foel BZ=71= 20000 luxe] B 1641748 o 847
o2 stgor, g Adgzs 7z 25+3C 9 10%E
Aty FAAT Frankia p.g BEL YT 2L
Bl ne 282 st 30% H.0.o 2087 Z347
3 sejFl oz fAge 2o Axsch FEAL
oj4lAlgl o] 4 17 Feol| 77} potd 1 mLO005 g fr wt no-
dule-mL l)w :I-:LJA]-‘ 0}93;;]. HHO‘tonTC_J_ L& 34 m /\1 ﬂ__;
27183S 2487 99 23 22 Hoagland £
do] 0.1 mM NHNO:Z 247}&04 FEorg 1n
45 9 §F Fo) zvzh AL Hoaglande] 174, 172 2 %xd
g0z HRPT 429 4R B pH 659 =

E

J. Plant Biol., Vol. 37, No. 3

A4 Hoagland WjA]Ae] AAE tz=7= §hed, pH 55
2 809 A7 NON | mM & 3 mM % NH N |
mM 3 3 mM¢ F2alE)d] tfd AR 27208 )9 £7)
40 Fyll A7 445 4 7l1gd BE(F/C TR) 2 &F
AT 84¢ FAHAT A wE EQY £
wgsr Bt A&T OF 834 2 B4d mxe
&& ZAs] S8 39 7~ 3:—1 27+ 20, 50 '2 100 mL)

—"F “%PHE AxstEct £9 | mMe NHNO &

¥l 2

FlO L S
rir
"._7
s
5
()
FO
12
O
rru
i
:\.é
I’JL
s
ok
»
>
[ o

i~
o,
i
FE
[11FTS
4r
A
E._E"l_'.
ot
5 1o,
B2
ok
g
1
ol
Clr
L
ol
i}
[3ed
(o3

o
By
o
=
>

Uome W =d do ofd oﬂ.
no >

j\..l
alfet,
o,
Ao
Je
g™
=
ol
i
dl
ol
cl
=
f4t4
i

X
b
[
ox
i

A

21

odt olqEd NS
tedth 10 mL viale] FHgake
2 Z coﬂf\i 0R7E Axue #
OWIEJ (CﬁHw) 7heE | mL FYste AP A7 i3 Hol
FAZIE AZ 05 mLE A o]-oq Porapak R column(182
emX032cm)E 0183 gas chromatographo] A 4%
3 #E7)FID)] 93 9% E8(CH,) 4 HFstact
(Schollhorn and Burris, 1967; Evans e al., 1973). i
Ae ZzeA £ ol AgzL 3l 1-1?‘-7(-1_0‘ Th,':x]
shod ArE Rk HER Ho] AFL 3
Aol f® gy IRE ofd 2 ] ]bﬂ HP do]
o7l A2 &Ao] £& AE 2 cm o3l LFE

STk

[
=t
=
in D‘E“
us R
B %
=32 =
o lm‘j
ol
e
- |3:

\ ‘l\J Oll

o
o,
aich
o

5 r‘jo
[,
1 r},
k!
ol
ol
>
=

CH e
ol

TR
-
=

=

B A HelgubRg] F1) drolo] 9gl 45 e] 7]
A4 wigel 28 g4 9w Fa513 BAe Wil Table 13}
2ok g g2 4§ 4-1'ZZH°J AT 71 mgel M
14750 of) 4199 me& 27}3k] A 4-ERGR, /W X di/dW)
of 719 1.60% d7'ell A 125 Foll 375%-d & 29T

259 AR HEF 8 F Fof BEHo FUH Ty A
A7)l F28 F7hEo] 145 Foliz MY 83 meolglth
ZE v e A 27l 725 pM CHyee fr wt nodule™'
h'exd AgAE Jeld & W3 gastgod A¥Ry 4
231% BHARAR ZF O*J%loﬂ HlEeled (47 Fole



September 1994 Environmental Factors on N:-Fixation of Autumn Olive 389

Table 1. Changes of biomass of each organ, F/C, T/R ratios and nitrogenase activity (ARA) of nodules in Elaeagnus
umbellara secdlings

. Week
Biomass and ARA —_—
4 6 8 10 12 14
Biomass (mg fr wt-plant™!)
Lcaf 255+ 22 312+ 30 4261 36 605+ 52 1010L 98 2210£ 250
Stem 124 12 175t 14 234128 310+ 30 480+ 42 725+ 72
Root 332+ 27 405+ 36 524+ 44 880+ 68 995+ 85 1264+ 110
Nodule 0 0 6 1 13+ 3 2% 5 8+ 10
F/C 0.56 0.54 0.55 0.50 0.68 110
T/R 112 1.20 1.25 1.03 1.49 2.31
SPA (uM C:Hyg [t wt nodule™'-h ')
0 0 725+ 7.5 664272 585%£53 643+ 86
Total ARA (uM C:Hy plant™!-h™")
0 0 0.73 3.32 393 6.43

Table 2. Diurnal changes and effect of light treaiments on trangpiration and ARA in Elaeagnus umbellata seedlings

l"lmc of day

0600 0900 12:00 15: 00 18 00 21:00 2400

Transpiration and ARA

Transpiration (mL-plant™ ')

202005 1832020 2022021 2452027 145016 0552008 031002

ARA (UM C:Hyg fr wi nodule™'-h™")
72%13 456145 523+ 57 5861 6.3 387L£35 252+ 26 16.6% 2.1

) Relative light intensity (%)
Control plot —_—— ——

20:25 10-15 4-6

ARA {(uM C:Hy-g it wi nodule *-h ) '
64.8+ 4.5 A87+£39 372422 282+ 1.9

A 043 uM CHyeplant™h'goh 259 AHZEEH Fof A /\]h—t] 6Alef ol=2 1660l 1 72 yM CGHirg fr wt no-
A Al ol w2 24 FATE g2 & AR 43S dule "'+h "7} H9ixt %‘"1_%% T3 A5 2 A
o] FA=NL 58 2L 49 AL AT F oA 2|2 -J-J 1 A=A 245¢ 0. planr'-h"%f%—. BEgUR
Ho] offo] Astgo g Hiat FaHk F/C ¥le 27 g 22879 EHZ? % 2532 o8 20-25% F=
o vkekont [2FRE A9 tir7] g os 056004 A1), 10-15% A A 28]al 46% TRA (I
Li0sz Z7kstaer, TR Bz 2o Hgo] A= 2 of 15797 HEAAS o OF 849 wge o J=7t
Zlefliz L12:i2 wroront 123RE ool gl 4T el 23] 255 gasd AT 17 11§ MM 242 487, 372
2 FVHE 4282 uM C:Hyg fr wt nodule “h™'s2A tjzTe] s

41%9F 3% 12 71%8] B4 742 EQTHTable 2).
g =

2

HE]pUR SA5%E 4420000 lux. B 164175 F $417h
oAl 3LT HLAD FOATE HEoR 243 a3y 2 PuR §422 4349 ey dad g 9
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Table 3. Nitrogenase activity of Elaeagnus umbellata nodules grown on differcni temperature

Pretreatment temperature

ARA (UM C:H4-g fr wt nodule™'+h~

1} at different emperature (C)

) 15 20 25 30 35 40
15 54+ 06 213+ 34 346332 645178 658+ 8.5 296+ 36
20 122+ 14 247+ 33 453+ 42 613+ 57 563+ 5.6 272435
25 23+26 342437 516t 50 592+52 543+ 62 186+ 26
30 305+ 32 416+ 46 534+ 52 585+ 56 517+ 60 105+ 24

Table 4. Effect of oxygen, nodule size and physical impact on nitrogenase activity in Elaeagnus umbellaia seedlings

Relative ARA 0, conen (kPa)

Nodule size (cm)

Physical impact

(%) 0 4 8 12 16 2 | 2 3 4 Intact Detached Excised Clushed
ARA (%) 0 35 55 76 100 100 100 100 8 54 100 92 43 0
HEgol ZFE wjF 2xo Aed we ZF €4 43 8Ao] JAGSTRHNLH, TFE AT Hde

L 25 2 30C 03]*1 22 54,247, 516 2 585
M CHyg fr wt nodule™“h™ 9o, o] 72t LEoA A
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Table 5. Effects of pH and nitrogen sources on growth and nitrogenase activity in Elgeagnus umbellata seedling

Treatment
Stage Nitrogen free NO;~ (pH 6.3) NH," (pH 6.5)
pH 5.5 pH 6.3 pH 80 I mM 3 mM 1 mM 3 mM

Above-ground plant growth (g fr wt)

20 d 442+ 032 4,53+ 042 410+ 0.37 5231051 495+ 0.55 473+ 040 4,15+ 033

40 d 1144£096 1183£087 1071£097 1LI0£112 10532097 13222122 1025% 105
Nodules (mg-fr wt plant™)

20 d 83t 11 127+ 14 105+ 11 114£ 13 30+ 5 124+ 14 63+ 7

40 d 244+ 22 468+ 43 322+ 31 196x 20 40x 6 276x 24 110+ 13
ARA ()JM C1H4'plal'lt_l‘h ()

20 d 4.84 8.32 2.94 048 0.03 532 1.85

40 d 14.10 2499 16.97 831 0.17 12.09 4.82
SPA (uM C:H,:g [r wt nodulc '+h™)

20 d 584t 172 055+ 84 261+ 43 42+ 05 1.0+ 01 445+ 52 294+ 31

40 d 578L 6.8 53455 527+ 54 424146 42+ 06 438+ 5.1 37.5+42

Table 6. Effects of watcring level on growth and nitrogenase activity in Elaeagnus umbellata seedlings

) Watering level (mL) NaCl concn (M)
Biomass and ARA
20 50 100 0.1 0.5 1.0
Plant Biomass (g fr wi-plant™)
Leal 1712015 310+ 035 1941+ 0.20 2.58%0.32 132+ 0.13 0.75% 001
Stem 0.73£0.02 124+ 0.13 0.83£0.09 103+ 0.11 0.53+ 006 0.30+ 004
Root 093£0.01 133t 015 125+ 0.14 1.12£0.11 0.57£0.07 033+ 0.05
Nodule {mg T wr*plant ") 35+4 120+ 11 82 102+ 12 52+ 8 152
Soil water content (%) 85+ 15 245+25 354+ 36 - - -

ARA (uM C:H,y+g fr wt nodule™'+h™)
33676 584+ 83 184X 15 482+ 6.5 24532 32+ 04

LN 133 mM AT e L &4 20d Ao 474459 83} 102, 52 & 15 mg fr wi-plant ' 2, 279 v|@4 2 #7
294 uM CH,g fr wt nodule™*h™'s3.2.8, NO;™-N 13} 3 mM 336,584 3 1849} 482,245 2 3.2 uM C:H, g fr wt nodule™

g ol A= 2440 A¢) 2tk o) Troelstra F(1985, 1987) ‘ho'gon, Ege] ek Z7) 85, 245 9 354%E WE
o) A glutinosa| X B3 A7 R3¢} $H Kohlsg ghath. Schwintzer(1985) peat =92 Myrica gale] Y
Baker(1989)7= A ghiinosaol M <5 B49) 9 o] NH, - G20 23] 25 AT &4 2 AEAY 4Fo] AHE
N | mM E5dd @45 Asss Roe Bastgon, ANZ Husan. §H AZge 24 Fee B3 BAo|
BolpdRadE 440 ST ATE 27 SA L BYS AWz 938 pAozA AUA duis 2 A4

o]
248 299, Sedus fazd

7=k B8 2Ry danyg &
FE FFS 2 AN AR vEld A 2
~8 AERA ANEA Y deun S B 27 249 dddE SH A
dNGzHA B ATFeid 243 HEez F 7|HE
RYsud $459 4ngleT)els ofF 84 2 & ghegro) MEls BEAS 23 Table 73 2th ES@sd
Aol vAe FeFH Gl 4L Table 67 2o} FE (EFaLeg 0% FEZFE SOt 195 2¢ 3o 47
aFaE 20,50 2 100 mL 2 NaCl % 01 05 2 1.0 M9 1059} 86%z TrAsdm, A2 9] %‘%%% vzt 7803 765
oJeh fago A woliz Zh4} 340, 579 F 4029} 483, 247, %z 7adgol), oE B4I 233 gzl g 22

39 g [r weplant™'9ov 25 A& 44 35 10 829} 34% F 949t T6%= ?;"iﬁ]-ME}. 445ols B 4

—
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Table 7. Changes in water content, transpiration and ARA during the water stress and after the supply of water in Elaeagnus
umbellata seedlings

h after water stress h after water supply

Transpiration and ARA Control ” a3 = " 0 A 3 S 7 5
Water content (%) on fr wt basis
Soil 230 10.5 86 64 42 32 230 234 245 24 N2
Leaf 786 780 765 758 737 710 776 775 782 715 713
Transpiration (mL-plant™-d™")
385 362 294 246 222 205 29 32 33 32 32
(%) 100 94 76 64 57 33
ARA (MM C2H4'g fr wt nodule_l'h_')
624 513 338 162 101 0 0 0 0 0 0
(%) 100 82 54 26 16 0

A9 o @ AR 2F 40 ZZF 42%, 73.7%, 222
mL-plant™-d™" ¥ 100 yM CHsyg fr wt nodule™-h™'2
ZasA. SdAd Az =2 o EGTt 4
249 e 2 F4Ee 27 32%s) 71.0% 2 205 mL-
plant™'-d”'g o}, F F4& veA ol dAHzY
AN A F&ol o) EFH £2F9 I5F L FAFLe
&3 3BEo 1A Hel A AAHZE FEHY o Z
7o AL 9NL7RA A ok

o] Aol Az 2EF2d dF ZF A IAE
Zad d3 APAN 9oz FEAY ZAHY AR
uzsgen fFe) 2594 Az 2EH 2 93 49
A7t 9o PR wslp U7En YA HzH A
A JFrEge o 38| =gv= 21 (Patierson e al., 1979)
2 29 guRo] g ATEAHKim, 192)¢ A&t 2
AU dAG2RAM dFe 2§ 4L gErTY 25%E
FAE A2 HUHS o (Patterson ef al, 1979), B4t
2ol 2FE BAE adsigon, AzBAL o] 42 A48T
Ae A Exo 2% Ageclow g 92L& & gk
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of Autumn Olive (Elaeagnus umbellald) Seedlings

song, Seung-Dal’, Tae-Gyu Park, Chung Sun An' and Joon-Ho Kim'
Department of Biology, Kyumgpook National University, Taegu 702-701, Korea; and
'Department of Biology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

Effects of environmental factors of light, temperature, nitrogen sources and water stress
were analyzed quantitatively on the nodule formation and nitrogen fixation activity of autumn
olive plant (Elacagnus umbellata Thunb.) during the seedling growth. Seedlings showed the
maximum nitrogenase activity of 72.5 pM C,H,:g fr wt nodule™'-h™! in the early nodulation
stage. The relative growth rate and T/R ratio changed from 1.60%-d~' and 1.12 in the earlier
stage to 3.75%-d"! and 2.31 in the later stage, respectively. Light conditions of 20-25, 10-
15 and 4-6% resulted in decreases of 41, 54 and 71% of the mitrogenase activity, respectively.
Nodules incubated in 15, 20, 25 and 30°C showed the activities of 5.4, 24.7, 51.6 and 38.5
UM C;H,- g fr wt nodule™'-h™", respectively. Pretreatment with low temperature (15°C) follow-
ed incubation at 30°C attained higher nitrogenase activity (66.5 uM C,H,-g fr wt nodule™!-
h™") than that with higher temperature (35°C). The oxygen pressure above 16 kPa is necessary
for saturation of the nodule activity, but the activity was inhibited severely by physical impact
such as the exision or isolation of nodules from the root. The relative activities of early
nodules grown in pH 5.5, 6.5 and 8.0 were 89, 100 and 40% and those grown in 1 and
3 mM of NO; and NH, were 6, 1 and 68, 50%, respectively. Watering levels of 20, 50
and 100 mL during the seedling growth resulted in 35, 120 and 8 mg of nodule formation
and 33.6, 58.4 and 8.4 uM C,Hs g fr wt nodule™'-h™! of the nitrogenase activity, respectively.
Water stress with 86% decrease of soil water content caused temporary wilting point of leaf
and a complete disappearance of nitrogenase activity of nodules, though the water content
and transpiration rate in plant were reduced to 90 and 53%, respectively.
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