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ABSTRACT

Experiments with non- nodulated alfalfa (Medicago sativa L. cv. Europe) plants grown in hydropo-
nic culture were carried out to estimate the remobilization of nitrogen (N) reserves and to investi-
" gate the transported forms of reduced soluble-N in xvlem during regrowth following shoot removal.
Endogenous N remobilization were estimated by *N labelling and amino acids in xylem sap were
analysed. The "N contént_s. of regrowing leaves and stems increased as a result of remobilization
of N reserves mainly from root system. Regrowing leaves were a stronger sink than regrowing
stems, with about two-thirds of remobilized N being recoved in leaves. Endogenous N in lateral
roots accounted [or about 46% of the total N reserves used for regrowth, while tap roots accounted
for 23%. About 72% of total endogenous N remobilized to regrowing shoot, occurred during the
first 10 days of regrowth. The ‘outflow of reduced soluble-N (mainly amino acids) was greater
than that of protein-N, while the latter was the largest storage pool in tap root and lateral roots.
It is suggested that amino acids-N was the most readily avaiable form of N reserves. Asparagine,
which represented about 75% of amino acids-N in %ylem sap, was the main transported form
of reduced N. Its relative contents, during the first 10 days of regrowth, decreased from 75%
to 59%. This decline was accompanied by compensatory increase in the relative contents of aspara-
tate and glutamine.,

M B

2 Fo] atEe §HEe] —‘1154‘3371“ AEAue] A
Ao J3H ite dubgEe ol ded Hiog
wto}z-of =t} (Cooper ef al., 1986; Jcscke et al., 1985;
LLarsson et «l., 1991; S1mpson et al., 1982). 53] Zd}e}
2o thidl AR5 S d3-A49 +R0AHL A
A Hez & -'?; ZH"E7] 2] AFEAHe A ] w2
w3tol] g g} FdvhAbel Dt ojsl= HETe|e)

363

o] ﬁi -5}A]7 7ok

A F Al E kg o3 we 9FEE "4
o Abel 7 Hoz o]Feix i}, Medi-
cago sativa(Vance ef al., 1979; Cralle and Heichel, 1981;
Groat and Vance 1981; Macdowall, 1983; Ta et al., 1990)
2} Trifolium repense(Gordon and Kessler, 1990)2} 2
%—1}2—7{ 2] A% A7 29 o) nitrogenase 32

#7233 °“L/‘l7l‘ﬂ4, Z27] A7) Fob AF F g3
(#Fele} ZREZDNS] v|FRA ElpEES F2AZIY

A s v A 2



364 Korean ]. Bot,

(Smith and Silva, 1969; Conslable et al., 1977; Rapport
and Travis, 1984). F#Ael8-E2 dntd oz 3717 &
(] A, o Ev)2] & 2 Agr)dede Fehr
o]-&x5]e] A=, Medicago sativael war “C labelling®]
8§ Aol AR 23 F e AR s
o] AAngze) #olol A7 AHA 75 24 FHdch
(Caldwell et al., 1984; Dufour et al., 1987). & Ta &
(1990)-& BNz} 1#Ce] o] 2 labellingell o]#) A z7] 25
%_01]_- _\1111-. __,z__zlq.] z.]z]-;d )—.9_‘]_ _-_.4;51_\:' o_" 71-7L 25%9} 12
%7} A AR Aol Eg Hrletw, o)E A7
59 Aol Fe ANAZ27)7) Faslcty shelo). &, PNe
98 R AR gie] Al o] £ HA AL o] TS A
#7135} v} ¢l 2w (Ourry et al., 1989; Phillps ef al., 1983),
HZ Kim 50190 A43-99) o A3drd] dt
AEAW sink-source FAE HIA7], HA=x7) Fb
source 7]Fo BRE §7)dis] ofife] EFR1ETI By
o). HREe] yEAFEL Ry AR #7)
A4aE =2 amidert ureides HelZ EukskcHSee re-
views by Pate, 1980; 1989). o]38He#& #7]dxe] F
2= g AE B a} SAHE Eeolw, xylem
sap9] obmli At =A A gk dAis] FFHE H 5Eel
23] oiake whz 7oz ALz Huk AllenT} Smith(1986)-2
xylem sap®] asparagine: glutamine ¥]&2 F7]di9]
ZFdee] o} WstEttr slely, Kirkmanzk Miflin
(1979) % Kosnitschek-schinnel(1985)2 #4652 Ay
20 o4 edkg Wiy delc). Bigot $(1991)& Lo-
lium perenne?) <ol 23] wlztxl dio) 3 source-
sink A= A4 2 xylem sapyl?] asparagine: glutamine
w)g-o] wztel Ay FA7) edokn Yo W FIt
EojAx A2TFU(People ot al, 1987), £& ZFTH
@A) & & (Rosendahle and Jacobsen, 1987)¢f w}Z ofv]k
424 W gake) Wl dis) 2xg w) 9led), o5
= A Ae] el mpE A 4 Aol Fo HE A
Hrrel A R ol T efo oiat sk EAel djg
Rl o] F5 Adalelch

wetdq B dTe RO 8 2 dghale]
A A A “1'0471"’“3 A 9w F 44 g A rH3E
o] %4 BN labellings] &)= <k 3z

olelmyt 24 W gL

s

F&l, xylem sap2]
EAgle] xylemE T £712

9] ol gyee FHstat sk

e

Mz H

Ml S AEMAL ottal F2WMedicago sativa L.
cv. Europe)® sand benchell A whojp4|#, 397]el| 23t
fFES 9LEe] potw 1554 o|4dte] FAA stk

Vol. 36, No, 4

Kim Z-(1991)¢)] whgk

o), pHE al&A#t4]717] 284 2mMe] CaCOE of
ook o) wA(GY /\l'—?) ! ] Zojr). Glass house:
Fjork S L_(Z'B/H%DC) -% =71(16/8 )& H A9

717 3 FdskA ads] 39l 8 phytor FHel 2]&)
150 mmol-m™?-s7 15 7] i%% g8 ok

M} 27)el 2L of T ZHE] 6em FeololA 13}
o E AAET 12} A4 14U = F6 1 mM2] “NH,PNO;,
("N excess=12.57%)Z- 1027t labellingslsiv). < &2
7% 27 o #AF Ao A H LS A 0L R Bl A

£6, 10, 14 ez 24l 7 gaEsin Alel AT
(vﬂ 7)) FE A R AHEE 71E 0 " 248l A

SEtslglel, gEkE AEEE FE AT - LFE 3
Zﬂﬂ ax 7] o=z AAdE 9dF 249 67 R

p-elsled, 60°Cel| 4] 484) b A - F4fste] ARE ER|E
F 22 242 g5l CaCl, EAske] =F4bee] w3s}
sdh

BEME B S924 24, Tolal No| 542 200
mg9 Al2E salicylic acidell 28] nitrateS F4]71 £

(Eastin, 1978), Kjeldahl mineralization+]#]3., Conway
dishell 4] 18 h =<t microdiffusion ¥ -=7]= NH,Cl&
Nessler 2-<3(Sigma, Ammonia color reagent)x} ¥Fg-A]%1
% UV spectrophotometerE AFHL, 410 nmel 4] ammonium
gee .

Ar3Eel =52 200 mgd ARE Pace 3(1982)9]
uhyel w2} %—ﬁ——r-—elhanol chloroform2] Fa4ig 4}
f5be] 22 BI)sleich Fo®l cthanol 4L w5 %
Dowex 50 H' column& %3417 Yoneyama —°~(1978)2]
wheol] whal F4be) " e} olulicaby] AR el zch

Chloroform ¢ 42 ethanol B]71-4-4 Nz} T]'é]-°'1 whul
AR 7.1/”:1;10;] AbgElgde Sel® 7 R rshelme _\6—_
3%} & Kjeldahl procedures| &3] mineralization*]21 3
total N ZHabde) ofel E=stdv UV spectrophotome-
ter &4 F g2 NH,Cl &de CuOF #7} 550°Cel A
Dumas #h2-o) &l Exl4de] F+=2 #2147 (Guiraud
and Fardeau, 1980), emission spectrometer(Sopra. Gsi
FRANCE)d 4] ¥N2| excesss =A3tgdv)

N flowse] Alth i, AA¥7 dt T 23 Ax
eke) WMENdN/dDE 29 -y FETLY Ae]EA
A4 5 9k

dN/dt:Nmilow_ Nnulﬂow:Nl [ Nl (1)
o17)ell A Ni&}F Nowge
greke. 717k uleldic

A7k dt Z<b odokBal o T HE] Seolm A4Fhek
Nonea) & “N&J folell o2 "N F Mo o3 A4 5

77y A tsh (dioll A9 AAz



December 1993

ek
Nunow =Niy a1 —Ev1 a/E) (@

7)o E2t Enge 2bzh A8 1o} t+dtell 4 4%
YN excessZ vlehdc.

A7 ZE dt Fb A Ae]Fe siwdste AA7H
eg2iey 529 428 Non)E BHAY (DEFE

=5o1d 4 sl

Nouton  Ne™ Niw g+ Ninitow (3
244 @ Y] B Pl
Nowtow = Ne"Ei = Niy o Ei+a)/E. @

0%7]°“H(Nt Ei—NuaEeso)s AA717E dt Sl #Has
UN ghekell sk
Xylem sap z{F 2t ofo|x=4t £4.  Xylem sap®] #
ATAEE Aeh F AF3HEE A Fqld o4
3413 Frell A|2ste] sape] & A=ol whef 2~3
Fob 308 Ao AHEnh dxdHofRE 2
A 8l7] 28 FEEs 27 2 w29 sap wlg],
% sap= AFELT, —20°C 572 RAIATL B A9
ZH?r]‘”'d ol M5k dlu] A @ A= 1) 34 7F 39k 308
o2 d&xoeg HHH AEE Lo i) TPz
Tl o8 AR 5ot Ev|Ad ¥ =
2ve e ARy ot 249 ¥
2]l #ol7t &L H3FYch W] &
FTEY T sape HHEA FHS o AFP=
AR A bRk Alg s,
FTHERDY sap AETE ALl @l A7 3 045 uM
Acrodisc HE{(Gelman Science)el] o]zl ofzls] 4] 3.2 ali-
quots(250~5000 uL)E H' Dowex 50 columng S344]
71z 75 mLe] HPLPH B2+ dTche 75mle 60M
NH.OHEA] o}r|% 4% elusion4] gtk LolA eluateE
74 ZAFZA7 F 2mle 24 £8)4131 $ 100 L9
aliquots derivation buffer 300 pl(acetonitrile, pyridine,
triethylamine; 10/5/2; v/v/v)&} £33 = phenylisothioc-
yanate(20 uL)Z 4] derivationslsick Fv|® =& %7
A&EAA BF £ Lefevie 5(1989)9) uwhye] iz}
HPLCH| #Jsf 4stsic).

s
w

)

[

o .-; e e
C

>

rS'_L_N 4..:‘.!'.

o]
gk
&

3
[o

o
-3
o]
=)
=

|:|o

e
_\zko ;2

Aol
F4e

4 o

oA 1097k N labellingsl] )& zhed 7]z sl
IFE 7))l F&P Ne olH] F Az B Aelee
Fig, 114 velligich Do) boi7| Tl & BN ke
870 pg N-plant~'e)gledl, A7zt 5 A=y &= BN

Kim & Jean: Remobilization of Nitrogen Reserves 365

£
F
g

&

=
e
=
=4

g

g

15N content {jig/plant)
s 3 %
™
=
15N content (ug/plant)

Nt

0 4 8 12 16 20 0 4 8 12 16 20 24
Days of regrowth

=
=

15

Fig. 1. Changes in amounts of “N excess over 24 days
of regrowth in total remaining tissue (A): lateral roots
(O); tap root (@); stems (O) and leaves (W) of crown;
and in (B): regrowing stems (#) and leaves (®). Each
value is the mean+ SE. for n=3.
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Fig. 2. Total nitrogen increment (Q) in regrowing shoots
derived from mineral nitrogen (M) or from remobilization
(O) by the remaining organs over 24 days of regrowth.
Inget give the amount of remobilized nitrogen to regro-
wing shoots as a proportion of total nitrogen content.
Each value is the mean* S.E. for n=9.
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Table 1. Changes of the apparent and real mobilized size of N-fractions (Protein-N, SR-N: soluble reduced nitrogen)
in tap roots and lateral roots during the first 10 days of regrowth, following removal of shoots. Each value is the

meant SE. for n=9

Nitrogenous Days of regrowth N UN .
fractions (days) (ug N-plant™") Apparent (%) (ug N-plant 1) Real (%)
Tap root
protein-N 0 2293+ 25.2 + 76.4x 9.6 e
10 1651+ 148.1 280+28 50.0x 8.8 35.1+29
SR-N 0 84411178 40.0+ 8.0
+ 2+ 4
10 4511+ 61.9 4661 64 171+ 36 7.2t 44
Lateral roots
protein-N 0 6016+ 802.7 i 226.5% 21.0 +
10 43941+ 2928 269+ 16 168.7+ 28.3 25525
SR-N 0 1521+ 395.7 67.4% 160
+ 53T+
10 1024+ 124.0 321549 31.2+ 43 537429
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Table 2. Relative amino acid composition (molar %)
in xylem sap of alfalfa (Medicago sativa L) plants fed
NH,NQO;. Exudates were collected from 3 plants at early
flowering stage. The results represent either the average
of duplicate analysizs or the meanst S.E. (n=3)

Composition % of total amino acids (molar basis)
Asparagine 74.6% 1.44
Glutamine 86+ 1.10
Asparatate 2.8+ 048
Glutamate 13027
Glycine 0.8+ 0.02
Histidine 0.3£0.05
Proline 26£046
Serine 271043
Threonine 1.5+ 049
Alanine 2.8+ 0.66
Valine 1.9+ 045
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Fig. 4. Changes in relative molar composition (molar %)
of amides and amino acids in xylem sap of non-nodulated
Medicage sativa L. during regrowth. Values for control
plani {(uncul) are shifted on the right of the scheme and
refer to data obtained for the 10th day. Each value is
the meant S.E. for n=3. “Others" is for: glycine, histi-
dine, proline, serine, threonine, alanine and valine.
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