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Effect of  Water Stress on  Oxalic Acid Concentrations in Spinach Leaves
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                               Summary

  The  changes  in oxalic  acid  conccntration  in response  tu water  stTcss  wcre  monitored  to evaluate

the  contribution  of  oxalic  acid  to osmotic  adjustment,  Potassium  and  oxa}ic  acid  are  the

predominant solutes  in spinach  leaves, The addition  of  polyethylene glycol (PEG) 600U  to the

nutrient  solution  significantly  decreases osmotic  potential at  fuU turgor (nif,(,) in rapidly  gTowing
leaves. The decrease in n-e  in response  to PEG  treatment  can  be accounted  for by the

accumulatien  of potassium, phusphate, nitrate,  sugaTs,  and  amino  acids,  but not  of oxalic acid.

These Tesults  indicate that oxalic  acid  plays a  m{noT  role  in osmotic  adjustment,  although

potassium oxalate  is a major  osmoticum  in spinach  leaves.
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                Introduction

  Spinach leaves (SPinacia oleracea  L.) accumulate

large amounts  of  oxalic  acid, which  are considered  a

potential health risk (Libert and  Franceschi, 1987).
Thercforc, much  cffert has gonc into decreasing oxalic
acid  content  in spinach  leaves. Since oxalic  acid  exjsts

mainly  as  seluble  potassium (K') and  sodium  (Na')
salts (Osmond, 1963), it has been widcly  accepted  that
exalic  acid  may  play a  role  in turgor generation and

esmotic  adjustment  (Libert und  Franceschi, 1987).
Oxalic acid  concentrations  in spinach  leaves increase in
response  to water  stress  (Tone and  Uchiyama,  1989), but
whcthcr  an  increasc in oxalic  acid  conccntration  on  a

fresh weight  basis represents  osmotic  adjustmcnt  er is
merely  the result of  tissue dehydration is unknown.

  Watanabe et al. (1987) feund that exposure  to -O.46

MPa  selutions  containing  polyethylene glycol (PEG)
1500 for 10  days causes  the concentration  of  water-

soluble  oxalic  acid  to decrease in expanded  leaves while

the concentration  in rapidly  growing leaves increases,
They did not  measure  the concentrations  of  solutes  other

than oxalic  acid  in eitheT leaf type, but their results

suggest  that leaf position on  the stem  or  leaf age

determines the type of  solutes  that accurnulate  in re-

sponse  to decreasing external  water  potcntiat, as  feund
by Celmer et al. (1995). However, little attention  has
been paid to thc kinds of  solutcs  that accumulate  in

spinach  leayes under  moderatc  watcr  strcss conditions.

  We  evaluated  the contribution  Qf  oxalic  acid  to

osmotic  adjustment  in plants subjected  te moderatc

waterstress.
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            Materials and  Methods

  Pre-germinated spinach  seeds  (S))inacia oteracia  L.
var.  Okamc) were  sown  in vcrmiculitc  and  transferred to

solution  culturc  whcn  thc cotyicdons  were  fully devel-

opcd.  Four  p]ants per container  were  cultured  with  8
liters ef  a nutrient  solution.  Thc composition  ef thc

standaTd  nutrient  solution  has been described elsewhere

(Okutani and  Sugiyama, 1994), Solutions were  renewed

every  3 to 5 days, Two  weeks  after  sowing,  the con-

tainers werc  transfcrrcd to a growth room  maintained  at

25f20 ℃  (da>rfnight) with  a 12-h  photoperiod  and  65%
rclative  humidity. Photon  flux at plant ]evel was  350

"mol.m-Z･s'i.

  Whcn  leaf 5 rcached  1 cm  (day O), the nutrient

solutions  in half the containers  were  changed  te solu-

tions containing  120g･kg-i PEG  6000i the remaining

containers  were  refi[led with  standard  nu{rient  solution.

Leaves  were  numbered  consecutively  as  they  emcrged;

the younger leaves thus  had larger numbers.  Coty]edons

were  not  numbered,  On  day 3, the PEG  conccntration  in

thc nutrient  solutions  was  increascd to 200  g- kg' 
i
 PEG

6000. Ca]culating from the  osmotic  potentials (n) of

pure PEG  solutions  according  to Michel and  Kaufmann

(1973), 120 and  200g･ kg' ] PEG  6000 solutiens  at 25 CC

correspond  to -O.42 and  
-O.93

 MPa, respectively.  On
day 6, plants in four centaincrs  of  each  treatment wcre

haTvested 3 h into the light period and  dividcd into

individual leuves. Fo[ the  determination of  relative  water

content  (RWC), leuf dises (O.785 cm2)  wcrc  exciscd

from lcavcs 4 and  7 on  day 6, weighed,  and  floated on

water  for 4 h at  25℃ under  dim light, after  which  the

ieaf discs werc  reweighed  and  then dried at 70  
CC

 for 48
h. RWC  was  calculatcd  as  follows:

    RWC  =  (fresh wt  dry wt)f(turgid  wt-dry  wt)xlOO

  The remainder  of  the leaves was  frozen in liquid
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nitrogen.  After thawing, sap  samples  werc  collected

using  a  hand  press. The  n valucs  of sap  samples  from
leaves 4 and  7 were  measurcd  using  a dew point
microvoltmeter  (HR 33T; Wescor Inc., Legan, Utah,
USA)  calibrated  with  O.5 mol  ･ liter" 

:
 NaCl  solution  ( n

=  
-2.34

 MPa), Osmotic potentials at full turger (niov)
were  estimuted  as follows, according  to Wilson et al,

(1979)]
    n]oo=n  (RWC B)1(100-B)

  Here, B, the bound water  content,  was  assurned  Io be
10%  according  to Wilson et al. (1980). Osmotic adjust-
ment  was  evaluated  as the difference in z]oo  between
contTol  and  PEG  treatcd plants.
  Quantification of  oxalic  acid  was  made  by high-

pcrformanc¢  liquid chTomatography  (Okutani and  Sugi-

yarna, 1994), SugaTs and  malic  acid  were  quantified by

enzymatic  metheds  accoTding  to the manufacturers

(Boehringer Mannheim, Mannheim, Germuny), Total

a-amino  nitrogen  was  deterrnined by the ninhidrin

method.  K' and  Na' were  quantified by flame photom-
etry, and  calcium  (Ca2') and  rnagnesium  (MgZ') by
atomic  abserption  spectrometTy.  N03' 

,
 Cl' , SQg2' and

H2  POi  were  quantified by ion chTematography.

                   Results

  Interveinal chlerosis  and  sceTching  appearcd  in three
of  16 plants immediately alter  thcy  wcre  transfcrrcd  to

         Table 1,
               in

  Relative watcr  content  and  osmotic  pQtentials (nioo ) measuTed  at full tuigor (
  the  ]caycs  of  spjnach  plunts grown  fer 6 days  in standard  nutrient  solutions  (contTol)
selutions  containlng  polyethylene glycoi 6000  (PEG). Varues are  given as  means

diffcrences in zdoe  between contrel  ttnd  PEG-treated plants indicate osmotic  adjustment,

nutrient  solutions  containing  PEG  6000. [n this study,

plants with  no  visible symptoms  of  chloTosis  or scoTch-

ing were  harvested. The fresh weight  of  Ieaf4 reached  a

maximum  on  day 3, that of  leaf 7 continued  to increase
until day 6 (data not  shown).

  The  nioo  in leaf 7 was  higher in control  plants than in
PEG-  treated plants, but theTe was  no  significant diffeT-
ence  in iioo  jn leaf4 (Table 1). In both leaves 4 and  7,
K' and  oxalic  acid  are the predominant solutes  in
spinach  leaves and  accounts  for 64 to 71%  of  total

solutes  (Table 2). The concentrations  of  oxalic  acid  did
not  diffcr significantly  beLween PEG-treated and  con-

trol plants (Table 2). On  the otheT  hand, PEG  treatment

caused  significant  increases in the concentTations  of  K' ,

N03-,  HzPQV,  amino  acids,  and  sucrose  in leaves

(Table 2). Changes in K', N03,  and  H2PO,i'
accounted  for 80%  of  the increase in total solutes,

                 Discussion

  Osmotic adjustmcnt,  estimated  as  the difference in
nioo  between contrel  and  water-stressed  plants, can

occur  by the following three processes: an  accurnulatien

of  osmotically  ac[ive  solutes,  a change  in bound water

content,  and  a change  in the ratio ef  leaf turgid weight  to

dry weight  (Wilson, 1980). Wilson et al. (1980) demon-
strated that 70 to 80%  of  the osmotic  adjusLment  in grass
Ieaves can  be accounted  for bv the accumulation  of                          -

                   L e. at leO %  RWC)

                             OI ifi

                         r. SD.  The

Contre[Leaf4PEG ControlLeaf7PEG

RWC(%)

nFco  {MPa)

 78.0 =  1 .6

e.s32  =  o.oso

  73.3 =  2,S

-･ O,918 i  O.070

 73.SO.657=1.5:
 O.037

67.0O.8S1r. 1,9

±･ O.(}13

Table 2.Thc  concentration  of  different solutes  in rnol  . 1iteT' 
T
 in the leaves of  spinach  plants gfown  for 6 days  in standard

nutr{ent  solutions  (contFol) or  in solutions  containing  polyethytene glycol 6000  (PEG). Valves are  given as

means  ±･ SD. Concentrations are  expressed  on  the basis of  futL tuigo; (i, e, at leO %  RWC).

Leaf4 Leaf7
So]utes

Controt PEG Contrel PEG

K'
  ;t.+MgOxu]ic

 acid

Malic acjd

ClNO:l'

  /t.so,iHz

 PO,1Amino

 acids

SucroseHexosesSum

e,176 i  O.O13

e,o2s =  o.eol

U,143  =  O.OU6

O,O14  =. O.O02

o,o2(Lr  o.oo2

e,o3s i  o.oo4

(),O07 T.  O.OOI

O.031 i  O,O{)9

O,O08 =  O.OOI

o,oeg  i  o,(]o1

o,oe2 =  o,eoo

O.465 ;  O,Ol7

O.209 i  O.Ol8

O.029 i  O.OU2

O.137 i  O.O09

O.OIS [  O.O03

O.021 
･.
 O.O03

O.051 i  O.OIO

O,O09 i,･,. O.O(}1

O.04S i  O.O07

O.O13 i  O.O02

O.Ol2 i  O.O02

O.O02 =  O.OOO

O,544 ±  O.e17

O.16S ±･ (}.O07

e.olg-o.ool

O,101 t･ O,Oan

O.O04  ±･ O.OOO

O.O15 ±
-
 O.OOI

O.029 ± O.O04

o.oo4 -.i,･ e,ool

O.021 ± O,C)05

e.oe6 ±i o.ool

[}.O06 t･ O,OOI

e.oo4 ± o,oeo

O.373 ± O,O04

O,213  =  e.O(]3

O.O18  =  O.OOI

e,lo2  r  o,oo3

{').O05 i  O.OOI

o.o17r o.ool

O.039 .-.･ O.OIO

e.oo6 =  e.ooo

e.o42  =  o.oo6

O.O13  =  O.OOI

O.O09  :･ O.OOI

o,oo6 i  o.oe2

O,470 =  O.O14
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solutes ；the　remainder 　of　the　adjustment 　results　from　an
increase　in　bound　water 　content ．　Our　study 　shows 　that　a

significant 　decrease　in π lo｛〕，resulting 　from　the　active

accumulation 　 of　 solutes ，　 occurs 　 in　 rapidly 　 growing
leaves，　but　not 　in　fUlly　expanded 　ones ，　 when 　spinach

plants　are 　exposed 　to　PEG 　6000　solutions 　for　6　days．　A

sensitive 　 response 　 of π 100　to　water 　 strcss 孟n 　 rapid ］y

growing　leaves　is　in　agreement 　with 　the　obscrvations 　of

Kameli　and 　L6sc1　（1　995）on 　durum　wheat 　seedlings ．

　K ｝
and 　 oxalic 　 acid 　are　 Ihe　 prcdominant 　solutes 　 in

spinach　leaves，　but　cxposure 　to　PEG 　6000　increases　the
concentrations 　of　K

−
，
NO3

−
，
and 　H2　PO，t

−
，
but　not 　that

of　oxalic 　acid
，
　whcn 　the　concentrations 　are　expressed 　at

full　 turgor ．　 These　results　provide　evidcncc 　for　 the

primary　role　of　K ＋

and 　a　minor 　role　for　oxalic 　acid　in　the
decreasc　in　π1〔〕〔

．
5　 under 　water 　stress　conditions ．　It　is

possible　that　anions 　other 　than　oxalic 　acid 　accumulate

along 　 with 　 K 卜

to　 maintain 　electroneutrality 　 in　 the
cytop ｝asm 　when 　planIs　are　 subjected 　to　 water 　 stress

conditions ．　 It　 has　been　 reported 　 that　 K
−

is　 the　 major

contributor 　to　 osmotic 　 adjustment 　in　sorghum （Jones　et

aL ，1980）und 　wheat （Morgan ，1992 ），　Karneh 　and 　Lδscl

（1995）rcported 　that　 glucose　accounts 　for　86％　of 　the

increase　inπ1〔〕o　 under 　wa しel　stress 　conditions ，　Tonc　and

Uchiyama （1989）found　that　 oxalic 　acid 　conce 耐 rations

（freSh　Weight 　baSiS）in　 SpinaCh 　leaVeS　inCreaSe　in　re．

sponse 　tQ　water 　stress、　It　seems 　that　such 　an　incrcasc　in

oxalic 　acid 　conccntrat 三〇n　is　merely 　the　result　of　tissuc

dehydration　because　oxalic 　acid 　concentrations 　at　full
turgor　 do　not　 change 　ill　 response 　to　wa ［cr　 stress

conditions ．
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ホウ レ ン ソ ウ の 葉の シ ュ ウ
．
酸濃度に及ぼす水分ス トレ ス の 影響

杉 山信男
・林　真史 ・植原光稔

東京大学大学院農学生命科学研究科　1138657 　東京都文京区弥生

摘 要

　水分 ス トレ ス を与 え た場合に ホ ウ レ ン ソ ウ の 葉の シ ュ ウ酸

濃度 が どの よ うに 変化す る か を調べ ，浸透調節 に 対す る シ ュ

ウ酸 の 寄与を明 らか に しよ う と した．ホ ウ レ ン ソ ウの 葉の 主

要な浸透物質 は シ ュ ウ酸 カ リ ウム で あ っ た．ポ リエ チ レ ン グ

リ コ
ール 6000 （PEG ）を 培養液 に 加え る と，生 長中の 葉の 飽和

水分条件下 で の 浸 透 ポ テ ン シ ャ ル （π 1。〔〕）は有意 に 低 下 し た．

PEG の 添加 に よ っ て 起 こ る π 鵬 の 低下 は カ リウム ，リン 酸，

硝 酸 糖，ア ミ ノ酸濃 度の 上昇に よ る もの で あ り，PEG を添

加 し て もシ ュ ウ酸濃度 は上 昇 しな か った 、こ れ ら の 結果 は ，

ホ ウ レ ン ソ ウ の 葉 に お け る主要 な 浸透物質は シ ュ ウ酸カ リウ

ム で あ るが，シ ュ ウ酸 は浸 透調 節 に ほ とん と
．
寄与 して い な い

こ と を示 して い る．
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